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ABSTRACT '
PART I
INVESTIGATION OF REACTION INTERMEDIATES OF THE , 
UREA-DIACETYLMONOXIME REACTION 
by
Chandravadan Pa te l
An i n v e s t i g a t i o n  o f  the  i n t e r m e d i a t e s  o f  the  u r ea -  
d i a c e t y l m o n o x i m e - r e a c t i o ^ & & d  the  i s o l a t i o n  o f  the  p r o t o ­
chromogen i s  d e s c r i b e d . ! . A y  c o mp a r a t i v e  s p e c t r a l  s t u d y  o f  
t h e  p ro tochromogen w i t n  t h a t  o f  t he  l i t e r a t u r e  va. lyes 
sugges t s  the  s t r u c t u r e  W  t he  p ro tochromogen t o  be, a, 
d i u r e i d e .  Mass s p e c t r o m e t r i c  ( f i e l d  d e s o r p t i o n )  s t u d i e s  
g i v e s  the  m o l e c u l a r  w e i g h t  o f  the  compound t o  be 170 as 
e x p ec t ed .  A c o m p a r a t i v e  s t ud y  o f  e l e c t r o n  i mpac t  mass 
s p e c t r o m e t r y  on t h e  f r a g m e n t a t i o n  p a t t e r n s  o f  g l y c o l  u r i l  
and t he  d i u r e i d e  ( e t h y l m e t h y l d i u r e i d e )  p r o v i d e s  no con­
c l u s i v e  ev id en ce  r e g a r d i n g  the  s t r u q f u r e .
The d i u r e i d e s  o f  1- p h e n y l - 1 ,2-propaned ionemonox ime 
and 2 , 3 - pe n t an e d i on e  were s y n t h e s i z e d  and t h e i r  c h a r a c ­
t e r i s t i c  v i s i b l e ,  U . V . ,  I . R . ,  NMR, and s p e c t r o m e t r i c  data 
were a na l y ze d .  The s t ud y  sugges t s  t h a t  t he  s t r u c t u r e  o f  
t h ese  compounds a re  t h a t  o f  a d i u r e i d e .  When these d i ­
u r e i d e s  were r e d i s s o l v e d  i n  a c i d  med ia ,  t h e y  gave the  
c o l o r  expected o f  the  c o r r e s p o n d i n g  chromogens w i t h  the 
r e s p e c t i v e  d i k e t o n e s  and u rea .
The 3 a - m e t h y l - 6 a - p h e n y l g l y c o l u r i  1 was s y n t h e s i z e d
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by a b a s e - c a t a l y z e d  r e a c t i o n .  When t h i s  g l y c o l u r i l  was 
r e d i s s o T v e d  In  c o n c e n t r a t e d  H C l , a p i n k  c o l o r  was ob-  
t a l f n e d ,  s i m i l a r  t o  t h a t  o f  the  c o r r e s p o n d i n g  d i u r e i d e .
These s t u d i e s  i n d i c a t e  t h a t  both  t he  d i u r e i d e  and the  
g l y c o l u r i l  ( i f  a t  a l l  formed i n  a c i d - c a t a l y z e d  r e a c t i o n )  
are^ Conver ted  to  the  same chromogen,  p o s s i b l y  v i a  a- j
r e a r r an g em en t .
The r e a c t i o n  o f  u re a- d i .ace ty l monox i me  w i t h  t h i o -
s e m i c a r b a z i de i n  an a c i d  medium r e s u l t s  i n  a b a thochr omi c
-  \  C
s h i f t  f rom 480 nm t o  525 nm as e x pec t ed .  When 2 , 3 -  "
bu t an ed io ne mo nox ime th ios emi ca rba zo ne  r e a c t s  w i t h  urea i n
a c i d  medium, the  s p e c t r a l  c h a r a c t e r i s t i c s  o b t a i n e d  are
ve r y  s i m i l a r  to. t h o s e - o f  t h e _u r e a - d i a c e t y I m o n o x i m e - t h i o -
s e m i c a r b a z i d e  r e a c t i o n .  From the  compar i son  o f  the
• s p e c t r a l  c h a r a c t e r i s t i c s  o f  the  f i n a l  r e a c t i o n  c o n c e n t r a t e sK
o f  t he  p re c ed i ng  r e a c t i o n s ,  s i m i l a r  v i s i b l e  a n d ' U .V .  - 
s p e c t r a  are  o b t a i n e d  wh i ch  sugges t s  t h a t  t he  s t r u c t u r e  
o f  t he  pro tochromogens i s  s i m i l a r  t o  t h a t  o f  the  open 
c h a i n  d i u r e i d e  t y p e .  .  - -
111 J
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:%.PART I I
AUTOMATED MICROANALYSIS OF IRON USING SYNTHESIZED 
■ TEROSITE SULFONATE AS CHELATING REAGENT,.
by. '
Chandravadan Pate l
The s y n t h e s i s  o f  t e r o s i t e  s u l f o n a t e  i s  d e s c r i b e d .  
S u l f o n a t i o n  e l i m i n a t e s  the  w a t e r  I n s o l u b i l i t y  prob lem 
o f  the  p a r e n t  t e r o s i t e  used f o r  the  d e t e r m i n a t i o n  o f  
i r o n .  The a b s o r p t i o n  maxima o f  the  s u l f o n a t e d  m a t e r i a l  
i s  i d e n t i c a l  t o  t h a t  of-  the  p a r e n t  compound. The f e r r o u s  
complex o f  the  s u l f o r t a t e d  t e r o s i t e  i s  found t o  be ve r y  
s t a b l e ,  and t he  mo la r  e x t i n c t i o n  c o e f f i c i e n t ,  (c  = 30 ,971 }, 
i s  v e r y  s i m i l a r  t o  t h ^  o f  t h e  unsul  f on a t e d  t e r o s i t e ,  -  
{e = 3 0 , 2 0 0 ) .  The e f f e c t  o f  pH on^ the  s t a b i l i t y  o f  
f e r r o u s - b i s ( t e r o s i t e  s u l f o n a t e )  was s t u d i e d  and the  
opt imum pH range f o r  c h e l a t e  f o r m a t i o n  was found to  be 
between pH 2 -  4 . 5 ,  The p r oced ur e  f o r  the  d e t e r m i n a t i o n  
o f - m i c r o q u a n t i t i e s  o f  i r o n  by t he  use o f  w a t e r - s o l u b i l i z e d  
t e r o s i t e  s u l f o n a t e  has been automated on the  Techn icon  ®  
A u t o A n a l y z e r  ® .  ( A A I ) .
1 V
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/PART I
INVESTIGATION OF REACTION INTERMEDIATES OF THE 
UREA-DIACETYLMONOXIME REACTION
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' . .CHAPTER I
UREA-DIACETYLMONOXIME REACTION 
A. INTRODUCTION
, Urea i s  the  c h i e f  e n d - p r o d u c t  o f  amino a c i d  meta-  
bpTism and i s  formed m a i n l y  i n  t he  l i v e r  by c l e a v i n g  
the  ami d i  no group f rom the  s i d e  c h a in  o f  a r g i n i n e .  The 
o v e r a l l  r e a c t i o n  o f  t he  upea c y c l e  i s  the  f o r m a t i o n  o f  
one mo l ecu l e  o f  urea w i t h  consumpt ion  o f  one molecu l e  
each o f  NH^ , a s p a r t a t e ,  and COg, w i t h  a c l eavage  o f  
f o u r  h i g h - e n e r g y  phosphate  bonds ( 1 ) .  The urea e n t e r s  
the  sys temi c  c i r c u l a t i o n  and i s  e x c r e t e d  f rom t he  body,  
m a i n l y  i n  the u r i n e .  In cases o f  severe  l i v e r  i m p a i r ­
ment ,  t h e r e  i s  'a decrease i n  the  b lood  urea c o n c e n t r a -  
t i o n ,  w h i l e  i n  k i d n e y  d i se as e  the  BUN l e v e l s  u s u a l l y  
i n c r e a s e .  T h e r e f o r e , -  s t u d i e s  o f  u r i n a r y  n o n p r o t e i n  
n i t r o g e n o u s  (NPN) e lements  f rom the  s t a n d p o i n t  o f  the 
i n v e s t i g a t i o n  o f  r e n a l  f u n c t i o n  have been l a r g e l y  d i ­
r e c t e d  towards  urea and c r e a t i n i n e  ( 2 ) .  The measurement 
o f  b l ood  urea n i t r o g e n  (BUN) i s  the  second most  f r e q u e n t l y  
o rd er ed  c h e n v i c a l ' t e s t  because o f  i t s  u t i l i t y  i n  d e t e c t ­
i ng  and managing r e n a l  d i s o r d e r s  (3 -  6 ) .  Urea n i t r o g e n  
c o n s t i t u t e s  abou t  45% o f  the  t o t a l  NPN i n  serum or  
p lasma.  Methods f o r  d e t e r m i n i n g  urea a re  c l a s s i ^ e d  
i n t o  t h r e e . g r o u p s  ( 7 ) :
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a)  D i r e c t :  c o n de n s a t i o n  o f  urea w i t h  d i a c e t y l ,  
monoxime.
b)  I n d i r e c t :  d e t e r m i n a t i o n  o f  ammonia formed by 
u r e a s e .
c )  M i s c e l l a n e o u s : '  methods i n v o l v i n g  o t h e r  p h y s i c a l  
’ p r i n c i p l e s  i n v o l v e d  i n  measur i ng  u re a ,
The c a r b a m i d o d i a c e t y l  r e a c t i o n  o f  Fearon ( 8 ). f o r  
t he  measurement  o f  c i  t r u l l i n e ,  i s  one o f  t he  most  common 
methods used i n  many c l i n i c a l  l a b o r a t o r i e s  f o r  the  de­
t e r m i n a t i o n  o f  u re a .  , The d i a c e t y l  r e a c t i o n  does no t  
measure ammonia, t h e  r e a g e n t s  are  s t a b l e  and t h e  r e a c t i o n  
can be s e n s i t i v e .
In numerous m o d i f i c a t i o n s  o f  the  usual  p r ocedur e
d e s c r i b e d  i n  t he  l i t e r a t u r e  ( 9 - 1 1 )  l i t t l e  success was
'  "
r e p o r t e d  i n  i n c r e a s i n g  t he  s e n s i t i v i t y  f o r  u r e a .
The c o nd en s a t i on  o f  urea w i t h  d i a c e t y l m o n o x i m e  in
.■
a c i d  and a 1 lea 1 i ne  medium has been s t u d i e d  by many w o r k e r s ,  
i n  o r d e r  t o  i s o l a t e  i n t e r m e d i a t e ( s T  which a re  r e s p o n s i b l e  
f o r  the c o l o r  deve l opment  ( y e l l o w ' ^ ”  Th i s  i s  a r e q u i r e -  
ment i n  u n d e r s t a n d i n g  Æhe m e c h ^ n i ^ i  o f  the  r e a c t i o n ,  
w h i c h ,  i f  e l u c i d a t e d ,  c o u ld  he l p  i n  e v a l u a t i n g  the  spec­
i f i c i t y  o f  the r e a c t i o n .  The e s t a b l i s h m e n t  o f  opt imum 
r e a c t i o n  c o n d i t i o n s  and t h e  p r e d i c t i o n  o f  i n t e r f e r e n c e s  
f rom o t h e r  subs tances  p r e s e n t  i n  the  b i o l o g i c a l  f l u i d  
under  e x am i n a t i o n  would  a l s o - b e  b e t t e r  u n de r s t o o d .
Severa l  p o s t u l a t e s  r e g a r d i n g  the  s t r u c t u r e ( s )  o f  
the  i n t e r m e d i a t e ( s ) have been proposed i n  thè  l i t e r a ­
t u r e .  S t r u c t u r e s  o f  t he  proposed i n t e r m e d i a t e s  are 
as f o i l  ows :
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F ranch i mon t  and K l o bb i e  (12 )  1888,  and B l i t z  (13)  
1907 ;
CH.
.0=C
B. Fearon ( 8 ) 1939;
N H — t - ^ N H
y
N H — C  NH
: h .
CH
CH NH
C = 0
. C = 0
/
CH
C. Pechman (14).  1888^^/ f i lckenman,  Zak. (T5 ) 1954,;
C H .
I '
C=N
>
: = N  
CH3 ,
Beale -and  C r o f t  ( 16 )  1961;
1 . CH3 0
* 1 1
C = N - N H - C - N H ,
C = C
CH.
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2 > CH.
il
CH.
C=N-NH-C-NH-N=
Cr>0
CH
C= 0
^  0
3- CH.
fH.
C NH \
I I
C c = o
CH, N
E. N e m a t o l j a h i  and Ketcham ( 1 7 )  1963 ( g l y o x a l  + u re a)  
1. ' H
I -
,N—  CHo 
\
N— C-N-C-NH.
H ■ • II ‘
0
o = c
\
H
I
.N-
'N-
I
H
0
II
CH
C-N-^-NHg
H 0
CH-N-C-NH.
CH-N-C-NH.
/
\
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F. S i e s t  ( 1 8 )  1966;
CH,
C —N
C — N
( k H , )
/
c = 0
2 'n S
Ùeda, e_t aj_. (19)  1968 and 1971;
( b u t y l u r e a  and p ^ - t o l y l u r e a  w i t h  d i a c e t y l m o n o x i m e ) ;
S lî
R - N NH
CH3-C- C -  C H g -  C
C
/  X
R -  N NH
I I
= = C - C H .
R = H
H. Lugosi  and T h i b e r t  (20)  1972;
CH 0
I " Il 
C = N -  C -  NH,
C =  N - C - N H .I II
CH3 0
S i e s t  ( 1 8 ) ,  i n  his.  work ,  has ment i oned t h a t  J ob ' s  
method o f  c o n t i n u o u s  v a r i a t i o n  w i t h  urea and t h e i r  sub-
V
s t i t u t e d  d e r i v a t i v e s  gava c o l o r e d  complexes w i t h  e q u i -  
mo la r  q u a n t i t i e s  o f  d i a c e t y l .  However,  c y c l o he x a ne d i o ne  
and i t s  d io x i me  d i d  n o t  f o r m c o l o r e d  complexes.
The f o r m a t i o n  o f  d i u r e i d e  was e xc l uded  by S i e s t  
( 1 8 ) ,  because t h e y  d i d  no t  g i v e  c o l o r e d  complexes and 
s e c o n d l y ,  t h a t  the  one mo lecu l e  o f ' u r e a  r e a c t s  w i t h
\
ft
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one mo le cu le  o f  d i a c e t y l . .
Fe a ro n ' s  p ro po sa l  p f  o x i d a t i v e  c o n d e n s a t i o n  i s  t o  
be c o n s i d e r e d  as p o s s i b l e  s i n c e  t he  p r o p o s a l , r e q u i r e s  
t he  presence o f  an a - m e t h y l e n e  group n e x t  t o  the  f u n c t i o n a l  
^  c a r b on y l  g roup .  However,  the  r e a c t i o n  i s  n o t  an o x i d a t i v e ,  
c o n d e n s a t i o n ,  s i nc e  the  r e a c t i o n  proceeds to  a c o l o r e d  
p r o d u c t  even i n  the  presence o f  a r e d u c i n g  ag en t  ( B ) .
The p ropos a l  o f  Beale and C r o f t  was r e j e c t e d  s i m p l y  
because d i a c e t y l  and o t h e r  a - d i k e t o n e s  g i v e  a r e a c t i o n  
equal  t o  i f  n o t  s u p e r i o r  t o  t h a t  o f  t h e i r  ox imes .  I t  has 
been i n d i c a t e d  t h a t  t he  p r o b a b l e  cause o f  t h e i r  p r o d u c t  
f o r m a t i o n  c ou ld  be u n d i s t i l l e d  d i a c e t y l  o r  use o f  i mproper  
.■^^per imenta l  c o n d i t i o n s  which were a p p l i c a b l e  t o  d i a c e t y l  
monoxime and no t  t o  d i a c e t y l  ( 1 8 ) .
S i e s t  ( 18 )  proposes t h a t  the  f o r m u l a  o f  the  chromogen 
was the  c o n de ns a t i o n  o f  a s i n g l e  urea m o l ec u l e  w i t h  d i a c e t y l  
monoxime (see Scheme T . ) .
II "Z
C-OH
1
c=o
T
OR
CH.
II 2
C-OH
I
c=o
I
( C H , )
H R, CH,
2 'n
N
I
C=0
Ho
C-N
C = N
I
«1
OR
■ y
c = o  
/
C=N
(CHg)n
SCHEME 1.
However,  no i s o l a t i o n  o r  i d e n t i f i c a t i o n  o f  t h e  chromogen 
was c a r r i e d  o u t  by S i e s t .
L u go s i ,  T h i b e r t ,  H o l l a n d ,  and Lam (20)  have s y n t h e ­
s i z e d  d i a c e t y l  monosemicarbazone a c c o r d i n g  to  t h e  method
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o f  D i e l s  ( 2 1 ) .  They c o u ld  n o t  c y c l i z e  the  d i a c e t y l  tnono-
semicarbazone t o  a t r i a z i n e  r i n g  c o n de n sa t i o n  p r o d u c t .
TherefoiKe,  t h e y  conc luded  t h a t  t h e  r e a c t i ' on  p r o d u c t  o f  '
urea w i t h  d i a c e ty l m o no x i me  o r  d ia c -e t y l  i n  .acid medium
c o u l d  no t  be a t r i a z i n e .  The e x i s t e n c e  o f  the  proposed
s t r u c t u r e  ( t e t r a h y d r o i m i d a z o - ( 4 , 5 - d  ) - i m i d a z o l e - 2 , 5 - d i o n e
o f  F r anch i mon t  and K l o b b i e  (12 )  was shown. to  be u n l i k e l y
»
due t o  the  p o s i t i v e  t e s t  g i v e n  by d i u r e i d e  o b t a i n e d '  by 
Lugosi  e ^  a_l_- ( 2 0 ) ,  as w e l l  as t h e  c h a r a c t e r i s t i c  i n ­
f r a r e d  bands which show the  p resence  o f  a p r i m a r y  amide 
as i l l u s t r a t e d  by a d i a c e t y l  d i u r e i d e  t y p e  o f  s t r u c t u r e  
s y n t h e s i z e ^ ^ b y  them. R e s u l t s  i n d i c a t e d  t h a t  t he  f o l l o w ­
ing  two compounds are p o s s i b l e -  d i u r e i d e ;  as w e l l  as 
3 a , 6 a - d i m e t h y l - t e t r a h y d r o i  n n d a z o - ( 4 , 5 - d ) - i m i d a z o l e - 2 , 5 -  
d i o n e .
CH. 0
I *  II
HN  C   NH. CHg - C = N -  C -  NHg
\/
0 = c
' ^  HN —  C —  N H 0
CH3 ■
0 = 0  CH. - 0 = N -  0 -  NH,
/  ^ II
3 a , 6 a - d 1 methy 1 t e t r a h y d r o i m i  -  d i  a c e t y l  d i u r e i d e
d a 2 0 - ( 4 , 5 - d ) - i m i d a z 0 1 e - 2 , 5  - d i  0 n e
The l i t e r a t u r e  c i t e s  many examples o f  b a s e - c a t a l y z e d  
c o n d e n s a t i o n  r e a c t i o n s  o f  g l y o x a l  , d i k e t o n e s ,  b e n z i l  
w i t h  urea and s i m- i l a r  compounds.  In t he  b a s e - c a t a l y z e d  
r e a c t i o n s ,  g e n e r a l l y  the  i n t e r m e d i a t e  found i s  2 - i m i d a z o -  
l i d o n e s  or  s u b s t i t u t e d  2 - i m i d a z o l i d o n e s . The s i m p l e s t
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example o f  t h i s  r e a c t i o n  i s  t h e  f o r m a t i o n  o f  4 , 5 j d i h y d r o x y -  
2 - i m i d a z o l i d a n e  f rom g l y o x a l  and u r ea .  (See Scheme 2 ) ,
H -. -C = 0
I
H -  C = 0
NH,
NH.
\
/
OH
I H 
H -  C -  N
C = 0
H
1
OH
/
C = 0
SCHEME 2
The f o r m a t i o n  o f  5 , 5 - d i s u b s t i t u t e d  h y d a n t o i n  f rom 
" 4 , 5 - d i s u b s t i t u t e d - 4 , 5 - d i  h y d r o x y - 2 - i m i  dazol  i dones i n v o l v e s  
a p i n a c o l i c  o r  b e n z i l i c  a c i d  s h i % t . Dunnavant  and James 
(22)  have shown t he  f o r m a t i o n  o f  5 , 5 - d i p h e n y l h y d a n t o i n  
by c o n de n s a t i o n  o f  b e n z i l  w i t h  u r e a . i n  a l k a l i n e  medium 
and have c onc luded  t h a t  t h i l  i s  most  p r o b a b l y  a b e n z i l i c  
t ype  re a r ra n ge me n t  and not  a p i n a c o l  r e a r r a n g e m e n t .  In 
t h e i r  s tu d y  t h e y  have p re par ed  many s u b s t i t u t e d  p h e n y l -  
h y d a n t o i n s  and 3 a , 6 a - d i - ( 4 - s u b s t i t u t e d  phenyl  ) - g l y c o l u r i I s -  
and have proposed t he  mechanism f o r  t h e  f o r m a t i o n  o f  
h y d a n t o i n  and g l y c o l u r i 1. (See Scheme 3 ) .
B
6 + 0 NH NH,
8 - C -  C - e  + N H . - ' C - N H , OH' 8 — C —  C — 6 
I IK  
:0: 0 *
HgO
B
C.
1
NH
B -
0
c — (e )2
NHg
C — ( 6 ) 2 
Ô-
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SCHEME 3
In c o n t r a s t  t o  the  above p i n a c o l - p i n a c o l o n e -  r e a r -  
rg^ngement, i s  t h e "% c 1 d - c a t a l ^ z e d  c o n v e r s i o n s  o f  1 , 2 - 
g l y c o l  i n t o  a ldehyde o r  k e t o n e ,  i n  which the  r e a c t i o n  i s '
' f a c i l i t a t e d  by t h e - p r e s e n c e  o f  bo th  h y d r o x y l  groups as 
t e r t i a r y  g r oup s .  - In t h i s  r e a r r a n g e m e n t  the  a r y l  groups 
m i g r a t e  more e a s i l y  than t he  me thy l  groups . { 2 3 ) . f
The 4 , 5 - d i h y d r o x y - 2 - i m i d a z o l i d o n e  can be t r a n s f o r m e d
to  h e x a h y d r o - 2 , 5 - d i o x i m 1 d a z - [ d ] - i m i d a z o l e s  ( g 1 o^ l^ i  I s ) 
Ac i d  h y d r o l y s i s  c o n v e r t s  a number o f  t hese  i m i d a z o l e s  
i n t o  h y d a n t o i n s  (24)  (See Scheme 4 ) .
H
H - C = 0
I
CH3 -C = 0
NHg
+ = 0 
NHo
NH - C - NH
0 = C
/
\NH - C - 
I
■ CH.
NH
\
/
C = 0
hexahydr 4 - 2 - 5 - d i o x o - 7 - m e t h y l -  
i m i d a ? - [ d ] - i m i d a z o l e
SCHEME 4
N e v i l l e  ( 25 )  has shown t h a t  the  r a t i o  o f  g l y c o l u r i l
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t o . h y d a n t o i n  f o r m a t i o n  depends upon t h e  p r o p o r t i ô n s  o f  
b e n z i l  t o  urea used.  S i m i l a r l y  F i s h e r  al_. ( 26 )  ha've 
r e p o r t e d  c o n de n s a t i o n  o f  urea w i t h  p h e n y l g l y o x a l , and 
o b t a i n e d  5 - p h e n y l - d i h y d r o x y - 2 - i m i ' d a z o l one which u n d e r ­
goes r ea r ra ng eme nt  i n  a l k a l i n e  medium to  t he  c o r r e s p o n d ­
i ng  h y d a n t o i n .
Dunnavant  and James (-22) a t t e m p t e d  a compensat ion 
o f  b e n z i l  w i t h  urea i n  n e u t r a l  o r  i n  a c i d i c  s o V u t i o n ,  
b u t  f a i l e d  t o  a t t a i n  t he  c o r r e s p o n d i n g  g l y c o l u r i l ,  i n ­
d i c a t i n g  t h a ^  a l k a l i n e  medium was 'needed f o r  f o r m a t i o n  
o f  g l y c o l u r i l .
Veniamin e_t aj_. (27 ) i n  t h e i r  work c o n s i d e r e d  
e i t h e r  7-  o r  8 - m e t h y l , . o r  7 , 8 - d i m e t h y l t e t r a h y d r o i m i u b z o  
( 4 , 5-d ) - i m i d a z o l e - 2 , 5 - d i o n e s  as be ing  the chromogens \ n  
the  c a r b a m i d o - d i a c e t y l  r e a c t i o n* ,  however ,  t hey  d i d  nou  
i s o l a t e  any compound.
Since h y d a n t o i n ,  when d i s s o l v e d  i n  h y d r o c h l o r i c  
acid,  s o l u t i o n ,  does n o t  g i v e  the  t y p i c a l  r e a c t i o n  c o l o r ,  
one can r u l e  o u t  i t s  r o l e  as t he  chromogen o f  the  u r e a -  
d i a c e t y l  r e a c t i o n .
E r i ckson  (28)  has r e p o r t e d  t he  s t u d i e s  o f  T h i e l e  
and Oral  l e  w i t h  a l i p h a t i c  1 , 2 - d i c a r b o n y l  compounds w i t h  
a min o gu an i d i ne  s a l t s .  They used g l y o x a l ,  d i a c e t y l  and 
a m i n o g u a n i d i ne h y d r o c h l o r i d e  and i s o l a t e d  monoguanyl -  
hydrazone and o s a z o n e - l i k e  compound ( I I I )  i n s t e a d  o f  
t r i a z i n e  ( I I )  (See Scheme 5 ) .  T r i a z i n e s  were o b t a i n e d  
when t hey  used a m in og uan id in e  b i c a r b o n a t e  i n s t e a d  o f  .
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. V
h y d r o c h l o r i d e  s a l t s .  T h e r e f o r e ,  f o r m a t i o n  o f  a t r i d z i n e
ty p e  o f  s t r u c t u r e  o f  t h e  chromogen can be e l i m i n a t e d  s i n c e
the  r e a c t i o n  o f  d i a c e t y l - u r e a  i s  c a r r i e d  o u t  i n  s t r o n g
a c i d  medium. The s t r u c t u r e  proposed by S i e s t  ( 1 8 ) . and
Fearon ( 8 ) seems d i f f i c u l t  t o  v i s u a l i z e  i n  e n o l - c y c l i c
form f o r  the  chromogen even though i t  does possess the
r e q u i r e d  c o n j u g a t e d  system f o r  c o l o r  f o r m a t i o n .  The
c o n d en s a t i o n  oi^ d i a c e t y l  w i t h  urea may be t a k i n g  p la ce
v i a  an enol  form (See Scheme 6 ) .
I n s t e a d  o f  f o r m i n g  the  c y c l i c  4 - m e t h y l - 5 - m e t h y l e n e -
2 - i m i d a z o l i d o n e , one m i g h t  f i n d  c o nd e n s a t i o n  o f  a seco,nd
urea mo l ec u l e  t o  the  monourei^-e.  t o  fo rm d i u r e i d e  as
■ \
proposed and i s o l a t e d  by Lugos i  al_. ( 2 0 ) .
1
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SCHEME 6
In a c i d - c a t a l y z e d  a d d i t i o n s  g l y c o l u r i I s  and hydan­
t o i n  are r e p o r t e d  p r o d u c t s  (1 7 ,  29,  3 0 ) .  However ,  V a i l  
e ^  aj_. (31 )  has r e p o r t e d  t h a t  f o r m a t i o n  o f  the  N ,N ' - d i m e t h y l  
d e r i v a t i v e  o f ' h y d a n t o i n  was no t  o b t a i n e d  by a c i d -  
c a t a l y z e d  a d d i t i o n .
G l y c o l u r i l  does n o t  possess the  r e q u i r e d  c o n ju g a t e d  
system f o r  a chromogen,  t h e r e f o r e ,  i t  i s  most  l i k e l y  
t h a t  i t  m i gh t  not  bV^the chromogen r e s p o n s i b l e  f o r  the
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f o r m a t i o n  o f  t he  c o l o r .
Smi th (32)  has shown t h a t  c a r b a z i d e s  and carbamides 
e x h i b i t  a c o l o r  r e a c t i o n  when t r e a t e d  wv&lv d i a c e t y l  and/
o r  d l a c e t y l d i o x i m e  i n  h y d r o c h l o r i c - a c i d  and t h a t  the  i n ­
t e n s i t y  o f  the  c o l o r  v a r i e s  w i t h  the  r e l a t i v e  p r o p o r t i o n s  
o f  e i t h e r  d i a c e t y l  o r  d io x i me  and s e m i c a r b a z i d e .
Lugosi  e;t (20)  has p re pa r ed  d ia c e t y l m o n o c a r b a z o n e  ' 
which e x h i b i t s  c o l o r  i n  aiTfd medium t hus  p r o v i d i n g  more ' 
s u p p o r t  f o r  the mono- ano d i u r e i d e  s t r u c t u r e  a s .a  p os ­
s i b l e  p ro tochromogen (proVuJsf i romogen ’ i s a subs tance  t h a t  
was i s o l a t e d  f rom the  r e a c t i o n  m i x t u r e  which may e x h i b i t  
an i s o m e r i c  fo rm o f  the  chromogen i n  the  r e a c t i o n  med ia)  
i n  the  d i a c e t y l - u r e a  r e a c t i o n .
In o r d e r  t o  a r r i v e  a t  a f i n a l  c o n c l u s i o n  r e g a r d i n g  
the s t r u c t u r e  o f  the  pro tochromogen o f  the  u r e a - d i a c e t y l -  ^
monoxime r e a c t i o n ,  the f o l l o w i n g  approach i n c l u d e d  the  
i s o l a t i o n  o f  the  protochromoger f  and compar ing the  i n ­
f r a r e d  s p e c t r a  w i t h  t h a t  o f  the  p r e v i o u s l y  i s o l a t e d  
d i u r e i d e  o f  Lugos e ^  aj^- ( 2 0 ) .  F u r t h e r  s t u d j e s  i n c l u d e d  
the  s y n t h e s i s  o f  g l y c o l u r i l ,  compar ison  o f  t he  i n f r a r e d  
s p e c t r a  o f  g l y c o l u r i l  w i t h  t h a t  o f  the  i s o l a t e d  chromo-  
gen^, and the  s tu d y  o f  the  mass s p e c t r o p h o t o m e t r i c  data 
on both compounds.  F i e l d  d e s o r p t i o n  mass s p e c t r o m e t r i c  
data was c o l l e c t e d  to  d e t e r m in e  the  m o l e c u l a r  w e i g h t s  
o f  t hese  compounds.  Elementa l  a n a l y s i s  was a l s o  c a r r i e d  
o u t .  F a t h e r  u l t r a v i o l e t  s p e c t r a  o f  t he  s t a r t i n g  
m a t e r i a l s  and compounds r e l a t e d  t o  the  s t r u c t u r e s  o f
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the  proposed i n t e r m e d i a t e s  i n  t h e  l i t e r a t u r e  w i l l  be 
compared.  F i n a l l y  t he  a b s o r p t i o n  maxima o f  the  u r e a -  
d i a c e t y l m o n o x i m e  r e a c t i o n  m i x t u r e  w i l l  be s t u d i e d  t o ­
g e t h e r  w i t h  t h a t  o f  the  p repar ed  d i u r e i d e  i n  the  a c i d  
media.
V
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B. EXPERIMENTAL
1. APPARATUS /
/ "
V i s i b l e  s p e c t r a  were o b t a i n e d  w i t h  a Beckman Acta 
I I I  r e c o r d i n g  s p e c t r o p h o t o m e t e r .  U l t r a v i o l e t  s p e c t r a  
were r ecorded  i n  h y d r o c h l o r i c  a c i d  s o l u t i o n s  w i t h  a 
Beckman Acta I I I  s p e c t r o p h o t o m e t e r .  A Beckman i n f r a r e d  
s p e c t r o p h o t o m e t e r  ( I R - 1 2 )  was used f o r  the-^measurèments 
o f  1 - 2 % samples o f  t he  compound mixed and d i s p e r s e d  
i n  KBr powder.
The n u c l e a r  magne t i c  resonance (NMR) s p e c t r a  were 
o b t a i n e d  where a p p l i c a b l e  w i t h  a J e o l c o  C60-HL NMR s p e c t r o r  
mete r  a t  60 MHz on an =20 mg sample d i s s o l v e d  i n  =0.40 
mL s o l v e n t , w i t h  t e t r a m e t h y l s i 1ane as the  i n t e r n a l  s t a n d -  
a r d .  A V a r ia n  MAT CH-5 d o u b l e - f o c u s s i n g  mass s p e c t r o ­
mete r  w i t h  a t r i p l e  source  F I / E I / F D  equ ipped w i t h  Incos
♦
2000 data system was used, to o b t a i n  E I / F I  da ta  on a p p r o x ­
i m a t e l y  1 mg sample i n  t he  p r o j e c t .
For the  f i e l d  d e s o r p t i o n  mass s p e c t r o m e t / y  ( E I / D  
and FD),  the samples were i n t r o d u c e d  v i a  t he  Beckey 
( e m i t t e r  d i p p i n g )  t e ch n iq u e -  ( 3 3 ) ,  u s i ng  ace tone as the  
s o l v e n t  on a 1 mg sample.  The aim o f  t he  mass s p e c t r o ­
m e t r i c  s t u d y  w i t h  FD was to  d e t e r m i n e  the  m o l e c u l a r  .x ’'
w e i g h t  o f  the  compound.
M e l t i n g  p o i n t  d e t e r m i n a t i o n s  were c a r r i e d  ou t  on 
a F i s h e r - J o h n s  m e l t i n g  p o i n t  a p p a r a t u s .
The e l eme n ta l  a n a l y s i s  was pe r fo rmed  by Schwarzkopf
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M i c r o a n a l y t i c a l  L a b o r a t o r y ,  5 6 - 1 9 ,  37th  Avenue,  Woodside,  
New, Yo rk ,  ,1 1377. ‘
2. REAGENTS -
Diace, t y l . (d i  k e to b u t a n e  ) ,  u r e a ,  and d l a c e t y l m o n o x i m e  
(Reagent  g r a d ^  were purchased f rom F i s h e r  S c i e n t i f i c  
Company, Chemtcal  M a n u f a c t u r i n g  D i v i s i o n ,  F a i r l a w n ,  N.J .
H y d r o c h l o r i c  a c i d  ( ' B a k e r  A n a l y t i c a l '  Reagent )  was* 
o b t a i n e d  f rom J . T .  Baker  Chemical  Company, P h i l a d e l p h i a ,  
N.J . '
Con ce n t ra te d  s u l f u r i c  a c i d  and p h o s p h o r i c  a c i d  
(85% w/w) were o f  a n a l y t i c a l  g r a de .  A l l  s o l u t i o n s  were 
p re pa re d  i n  d i s t i l l e d  w a t e r .
T h i o s e m i c a r b a z i d e  was purchased f rom Eastman Kodak 
Company, R o ch e s t e r ,  N.Y.
Gl yoxa l  ( a p pr o x .  30% aqueous s o l u t i o n )  was purchased 
f rom F i s h e r  L a b o r a t o r y  C he mi c a l s ,  F i s h e r  S c i e n t i f i c  
Company, F a i r l a w n ,  N . J .
Ethanol  ( a b s o l u t e )  was o b t a i n e d  f rom C o n s o l i d a t e d  
A l c o h o l s ,  T o r o n t o ,  O n t a r i o .
Potass ium h y d r o x i d e  ( L a b o r a t o r y  g r a d e )  was o b ta i n e d  
f rom F i s h e r  S c i e n t i f i c  Company, 184 Ra i l  s i d e  Road,
Don M i l l s ,  T o r o n t o ,  O n t a r i o .
%
F u r i l  was o b t a i n e d  f rom t he  A l d r i c h  Chemical  Company^ 
I n c . ,  940 W. S a i n t  Paul Avenue,  M i lwa uk ee ,  W i s c o ns i n ,
53233.
Be n z i l  was purchased f rom t he  B r i t i s h  Drug Houses L t d .
B.D.H.  L a b o r a t o r y  Chemica ls  D i v i s i o n ,  T o r o n t o ,  O n t a r i o .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
17
3. METHODS
( a )  S y n t h e s i s ^ o f  the  Pro tochromogen 1n the Urea-  
D iace ty l Monox i me R ea c t i o n  -
To .a m i x t u r e  o f  25 mL. o f  d i s t i l l e d  w a t e r  a n d ^ S  mL
o f  c o n c e n t r a t e d  HCl , were added 5 .0  g ( 0 .0 5  mole?J-. o ^
- \ 
d i a c e t y l m o n o x i m e  and 1 0 . 0  g ( 0 . 1 6 6  mo le )  o f  u r e a . ^ % h e
m i x t u r e  was heated i n  a 250-mL Er l enmeyer  f l a s k  on a 
steam bath w i t h  c o n t i n u o u s  a g i t a t i o n  (=15 - 20 m i n u t e s )  
u n t i l  .a c l e a r  y e l l o w  s o l u t i o n  was o b t a i n e d .  On c o o l i n g  
and upon o v e r n i g h t  s t a n d i n g  a t  room t e m p e r a t u r e ,  a w h i t e -  
b u f f  - c o l o r e d  p r o d u c t  was o b t a i n e d .  The m i x t u r e  wa's f i l ­
t e r e d  by s u c t i o n  and the  f i l t r a t e  d i s c a r d e d .  The p r e ­
c i p i t a t e  was washed w i t h  c o l d  w a t e r  and r e c r y s t a l l i z e d
9-
f rom'  h o t  d i s t i l l e d  w a t e r  a f t e r  t r e a t m e n t  w i t h  N o r i t  A.
The y i e l d  wa-s 3 .5  g (41% o f  t he  t h e o r e t i c a l  y i e l d ) .  The 
m e l t i n g  p o i n t  o f  the w h i t e  p r o d u c t  was ove r  300°C w i t h  
d e c o m p o s i t i o n .  The r e p o r t e d  mel t i n g  p o i n t  o f  t he  d i a c e t y l - 
d i u r e i d e  and 3 a , 6 a - d i m e t h y l g l y c o l u r i l  was >300°C ( d ) .
The i n f r a r e d  s p e c t r a  were run u s i ng  KBr p e l l e t s  and the  
f i e l d  R e s o r p t i o n  mass- s p e c t r a ,  was re co rd ed  f o r  t he  m o l e ­
c u l a r  w e i g h t  d e t e r m i n a t i o n  o f  t h i s  compound. The v i s i b l e  
spec t rum o f  t h i s  compound had a o f  478 nm as r e ­
p o r t e d  i n  t he  l i t e r a t u r e .  Th i s  p r o d u c t  was i d e n t i c a l  
t o  t h a t  o f  Lugosi  e_t ( 2 0 ) .
An a l .  c a l c ,  f o r  CgH^gN^Og: C, 4 2 . 3 6 ;  H, 5 . 9 3 ;  N, 32.94 
Found: C. 4 2 . 5 4 ;  H. 5 . 8 8 ;  N. 32.76
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
■ 18
(b)  , S y n t h e s i s  o f  2 , 3 - D i a c e t y l d i t h i o s e m i c a r b a z o n e
T h i o s e m i c a r b a z i d e  ( 3 . 0  g [ 0 . 0 3  m o l e ] )  was d i s s o l v e d  
i n  50 mL o f  d i s t i l l e d  w a t e r  by a p p l i c a t i o n  o f  h e a t ,  t i l l  
a c l e a r  s o l u t i o n  was o b t a i n e d .  To t h i s  were ad de d , w i t h  
c o n t i n u o u s  s t i r r i n g ,  5 .0  g ( 0 .0 5  mo le )  o f  DAM d i s s o l v e d  
i n  50 mL o f  d i s t i l l e d  w a t e r , f o l l o w e d  by 37 mL o f  c onc en­
t r a t e d  h y d r o c h l o r i c  a c i d .  The r e a c t i o n  m i x t u r e  was heated 
on a steam bath  f o r  15 - 20 m i n u t e s .  A c l e a r  s o l u t i o n  . 
was o b t a i n e d .  The s o l u t i o n  was c o n c e n t r a t e d  t o  a p p r o x ­
i m a t e l y  25 mL by e v a p o r a t i n g  the  excess w at e r  on the  
steam b a t h .  A w h i t e  c r y s t a l l i n e  p r o d u c t  was o b t a i n e d  
upon o v e r n i g h t  s t a n d i n g  a t  room t e m p e r a t u r e .  The t h i o ­
semi carbazone was f i l t e r e d  by s u c t i o n  and washed w i t h  
i c e - c o l d  w a t e r .  The m o l e c u l a r  we i .gh t ,  as d e te r mi ne d  by 
f i e l d  d e s o r p t i o n  mass s p e c t r o m e t r y ,  was^ found t o  be 232 
which co r r es po nd s  to  the  c a l c u l a t e d  m o l e c u l a r  w e i g h t  o f  
232 ( d i a c e t y l d i t h i o s e m i c a r b a z o n e  ) .  I n f r a r e d  da ta  c o r ­
responds t o  the  s t r u c t u r e  o f  the  compound.
( c )  S y n t h e s i s  o f  G l y c o l u r i l  ( T e t r a h y d r o i m i d a z o - ( 4 , 5 - d ) -
i m i d a z o l e - 2 , 5 - d i o n e )
T e t r a h y d r o i m i d a z o - ( 4 , 5 - d ) - i m i d a z o l e - 2 , 5 - d i o n e  was 
p repared  f rom 30% g l y o x a l  and urea a c c o r d i n g  to  the  
method o f  S l ezak  (29 ,  3 4 ) .  Th i s  p r o d u c t ,  o r  i t s  d e r i v ­
a t i v e  have been prepared  by o t h e r  w or ke rs  (17 ,  30,  3 1 ) .
An aqueous s o l u t i o n  (30%) o f  g l y o x a l  ( 17 .40  g ; 0.1 
mo le)  was weighed o u t  i n  a 250-mL round- bo t t ome d f l a s k  
equipped w i t h  a r e f l u x  condenser .  To t h i s  was added 
0.5  mL o f  c o n c e n t r a t e d  HCl and 1 .8  g (0.03 mole)  o f  urea
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'  f t /i n  100 mL o f  e t h a n o l .  The s o l u t i o n  was r e f l u x e d  f o r  30
m inu tes  on a steam b a t h ,  then a l l o w e d  to  s t a n d ” f o r  4
hours a t  room t e m p e r a t u r e .  A w h i t e  c r y s t a l l i n e  n e d d l e -
y
shaped p r o d u c t  was ob ta ined. .  The c rude  p roduc ty&as  r e ­
c r y s t a l  l i z e d  f rom ho t  d i s t i l l e d  w a t e r  ( 0 . 8  g ;  y i e l d  70%). 
The m.p.  was found t o  be above 300°C (d)  [ l i t .  m.p.  
above 300°C ( d ) ] .  The c h a r a c t e r i s t i c  I . R .  band f o r  g l y ­
c o l u r i l  i n  KBr,  as r e p o r t e d  i n  the  l i t e r a t u r e ,  was 1690,  
3200 cm"' '  ( 3 5 ) .  The NMR s p e c t r a  was found t o  be 6 5 .45 
f o r  the CH p r o t o n s .
( d )  A t t empt ed  S y n t h e s i s  o f  4 , 5 - D i h y d r ( ^ x y - 4 , 5 - D i m e t h y l - 
2 - I m i d a z o l i d i n o n e
i )  The p ro ced ur e  f o l l o w e d  was b a s ^ a l l y  t h a t  o f  
V a i l  ejt aj_. (31)  f o r  the  s y n t h e s i s  o f  4 , 5 - d i h y d r o x y - 2 -  
i m i d a z o l i d i n o n e . To 12 .0  g ( 0 . 2  mo le )  o f  urea were added. 
13.2 g ( 0 .153  mole)  o f  2 , 3 - b u t a n e d i o n e  i n  50 mL e th an o l  
which was made a l k a l i n e  w i t h  20% NaOH to  a pH o f  9.  A 
brown s o l u t i o n  was o b t a i n e d  o n / s t i r r i n g .  The m i x t u r e  
was a l l o w e d  to  s tand  a t  room t e m p e r a t u r e  f o r  4 hours 
and then s t o r e d  f o r  a week a t  -20°C.  No c r y s t a l l i n e  
p r o d u c t  was o b t a i n e d .
1i ) In the  second a t t e m p t  the  c o n c e n t r a t i o n  o f  
sodium h y d r o x i d e  was changed.  In a 250-mL Er lenmeyer  
f l a s k ,  9 .0  g ( 0 .1 5  mo le )  o f  urea and 8 . 6  g (0.1 mole)  
o f  d i a c e t y l  were weighed o u t  and d i s s o l v e d  i n  50 mL o f  
a l c o h o l .  The m i x t u r e  was t i t r a t e d  t o  a pH o f  9 w i t h  6 N 
NaOH. No c r y s t a l l i n e  p r o d u c t  was o b t a i n e d  on c o o l i n g  
the r e a c t i o n  m i x t u r e .
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,1 i  i  ) The p ro ced ur e  o f  N e v i l l e  al_. ( 25 )  f o r  the  
s y n t h e s i s  o f  l , 3 - d 1 m e t h y l - 4 , 5 - d 1 h y d r o x y - 4 , 5 - d i p h e n y l - 2 -  
i m i d a z o l i d i o n e  was employed.  To 12.75 g sodium e t h o x i d e  
i n  100 mL e th a no l  were added 12 .0  g ( 0 . 2  mo le )  o f  urea 
and 17.2  g ( 0 . 2  mo le )  o f  d i a c e t y l .  The m i x t u r e  was r e ­
f l u x e d  i n  a 250-mL r o u nd - bo t t om e d  f l a s k  equ ipped w i t h  a 
r e f l u x  condenser  f o r  one h o u r ,  then poured w h i l e  ho t
/ I
i n t o  a s o l u t i o n  o f  sodium a c e t a t e  (40 g ) d i s s o l v e d  in  2 L 
o f  w a t e r .  A f t e r  r e f r i g e r a t i o n  f o r  24 hours  no c r y s t a l ­
l i n e  p r o d u c t  was o b t a i n e d .  ^
(e )  A t t empt ed  S y n t h e s i s  o f  3a , 6 a - D i m e t h y l  g l y c o l u r i 1 
The method f o l l o w e d  was t h a t  o f  Dunnavant  e t  a l .
( 2 2 ) f o r  the b a s e - c a t a l y z e d  c o n d e n s a t i o n  o f  b e n z i l  w i t h  
u r e a .  A m i x t u r e  o f  1 .6  g ( 0 . 0 1 9  mo le )  o f  2 , 3 - b u t a n e -  
d i o n e ,  1 .99 g ( 0 .033  mole)  o f  u r e a ,  1 .99 g ( 0 .0356  mole)  
KOH and 40 mL o f  e t h an o l  was r e f l u x e d  i n  a 250-mL round-  
bot tomed f l a s k  equ ipped w i t h  a r e f l u x  condenser  on a
steam bath f o r  2 h o u r s .  The h o t  r e a c t i o n  m i x t u r e  was
then poured i n t o  i c e  w a t e r .  No p r e c i p i t a t e  was r ec ov er ed
'A
even a f t e r  s t a n d i n g  a t  room t e m p e r a t u r e  f o r  48 ho ur s .  
A d d i t i o n  o f  more d i s t i l l e d  w a t e r  d i d  n o t  produce any 
p r e c i p i t a t e .
( f )  A t tempted S y n t h e s i s  o f  3a , 6 a-Di  phenyl  g ^ c o l  u r i  1
/
B e nz i l  ( 4 .2 0  g [0 . 02  m o l e ] )  was d i s s o l v e d  i n  a p p r o x ­
i m a t e l y  50 mL o f  e t h a n o l ,  and p laced  i n  a 200-mL r ound-  
bot tomed f l a s k  a t t a c h e d  w i t h  a r e f l u x  c ondenser .  To
t h i s  was added 3.6 g ( 0 . 0 6  mole)  urea d i s s o l v e d  i n  10 mL
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o f  w a t e r .  To the  m i x t u r e  was added a p p r o x i m a t e l y  1 .0  -  
1.5 mL o f  c o n c e n t r a t e d  HCl .  The-^ reac t i on  m i x t u r e  was 
r e f l u x e d  on a steam bath  f o r  abou t  one hour  and c o o l e d .
The p r e c i p i t a t e  was f i l t e r e d  arid washed w i t h  a l c o h o l .
R e c r y s t a l l i z a t i o n  o f  the  p r o d u c t  f r om a l c o h o l ’ gave a l ­
most  a t h e o r e t i c a l  amount o f  the  s t a r t i n g  m a t e r i a l ,  w i t h
0  '  * a m e l t i n g  p o i n t  o f  95 C. Condensat ion  o f  b e n z i l  w i t h
urea i n  a b a s e - c a t a l y z e d  r e a c t i o n  has been r e p o r t e d  i n  .
the l i t e r a t u r e  ( 2 2 ) .
( g )  A t tempt ed  Condensat ion R ea c t i o n  o f  F u r i l  w i t h  Urea 
In a 250-mL r ou nd -b o t to me d f l a s k  were added 1.9 g 
(0.01 mo le )  o f  ' f u r i l  w i t h  100 mL o f  a l c o h o l .  The m i x -  ' ^
t u r e  was heated on a steam bath t o  d i s s o l v e  f u r i l .  A 
y e l l o w - g r e e n i s h  s o l u t i o n  was o b t a i n e d  w i t h  some u n d i s ­
so lv ed  f u r i l .  To t h i s  were added 1 .8  g ( 0 . 0 3  mole)  o f  
urea and abou t  1..0 - 1 .5  ml  o f  c o n c e n t r a t e d  HCl .  The 
s o l u t i o n  had a pH o f  1 .5  - 2 . 0 .  "At  the  end o f  one hour  
o f  r e f l u x i n g  t i m e ,  a green s o l u t i o n  w i t h  a g r e e n i s h  c r y s t a l ­
l i n e  p r o d u c t  was o b t a i n e d .  On r é c r y s t a l 1 i z a t i o n  o f  the  
p r o d u c t ,  a y e l l o w  nedd l e- shaped  c r y s t a l l i n e  p r o d u c t  was
produced w i t h  m e l t i n g  p o i n t  o f  163° - 165°C. F i e l d  de-
'  ’ . 
s o r p t i o n  mass s p e c t r o m e t r i c  da ta  showed the  m o l e c u l a r
w e i g h t  o f  t he  compound to  be 190,  which co r r es po nd s  to
t h a t  o f  the  s t a r t i n g  m a t e r i a l  ( f u r i l ) .
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C. RESULTS AND DISCUSSION
The c o m p a r a t i v e  i n f r a r e d  c h a r a c t e r i s t i c  bands o f
the s t a r t i n g  m a t e r i a l ,  t he  i s o l a t e d  chromogen, and the
l i t e r a t u r e  v a l ue  ( Lugos i  ejt al_. [ 2 0 } )  i s  r e p o r t e d  i n  V
Table I .  The c h a r a c t e r i s t i c  bands o f  t h e  i s o l a t e d  p r o - '
d u c t  o f  the  d ia c e t y l mo n ox i 'm e- u re a  r e a c t i o n  i s  i d e n t i c a l
w i t h  the l i t e r a t u r e  v a l u e .  The o t h e r  p h y s i c a l  c h a r a c -  
• .
t e r i s t i c s  such as m e l t i n g  p o i n t  match t h e  l i t e r a t u r e  
va lue  (>3.00°C [ d ] ) .  The v i s i b l e  spec t rum in  HCl shows 
the  a t  478 nm and 345 nm as e x p e c t e d .  Table I I
l i s t s  the  t y p i c a l  i n f r a r e d  bands o f  g l y c o l u r i l  and d i ­
ure ide. .  As e x p e c t e d , t h e  s y n t h e s i z e d  g l y c o l u r i l  spec t rum 
co r r es po nd s  t o  t h e  r e p o r t e d  l i t e r a t u r e  v a l u e s ,  whereas ,  
t h a t  o f  d i u r e i d e  shows d i s c r e p a n c i e s  ( 3 3 ,  36)» The
I Is t r a i n e d  r i n g  C=0 which occu r s  i n  g l y c o l u r i l  a t  1760 cm
( l i t e r a t u r e  va lu e  f o r  s t r a i n e d  r i n g  C=0 i s  1850 - 1750
cm~^) i s  a bsen t  f rom the  d i u r e i d e  s pe c t ru m.  In amides 
n
(R-C-NHg) ,  t he  C= 0  s t r e t c h i n g  and NHg d e f o r m a t i o n  band 
i s  found near  1650 cm“ '^  (amide band I I ) ,  which i s  seen 
i n  the  d i u r e i d e  i n  Table I bu t  seems t o  be absent  f rom 
g l y c o l u r i l  da ta  i n  Tab l e  I I  as e x p e c t e d .  Secondary 
a c y c l i c  amides i n  the  s o l i d  s t a t e  d i s p l a y  an amide I T  
band i n  the  r e g i o n  o f  1570 -  1515 cm“ ^ . The 1760 cm“  ^
band in  g l y c o l u r i l  c o u l d  be due t o  a s t r a i n e d  r i n g  C=0 
( l i t e r a t u r e  va lu e  1850 -  1750 c m " ^ ) .  T h i s  band i s  n o t
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TABLE, I
COMPARATIVE CHARACTERISTIC INFRARED BANDS OF
PROTOCHROÜOGEN AND STARTING MATERIAL (FREQUENCIES cm'^ )
F u n c t i o n a l  groups D i a c e t y lmonoxime
Protochromoqen 
Lugosi  Exp. 
e t  a l . da ta
N-H s t r e t c h i n g  v i b r a t i o n s  
( p r i m a r y  amide s o l i d  phase)
3400 
. 3240 3240
C-H s t r e t c h i n g  v i b r a t i o n s  
( a ss umm et r i ca l  methy l  ) ,
2920 2930
C-H s t r e t c h i n g  v i b r a t i o n s  
( s y m m e t r i c a l  .methy l ) • .
2840 2840
#  C/'
C=0 s t r e t c h i n g  y i b r a t i o n s  
(non-bonded)
1720* 1730*
C=0 s t r e t c h i n g  v i b r a t i o n s  
(H-bonded)
1680 1680* 1 670*
N-H d e f o r m a t i o n  and C=N 1640^ 1640^.  '
C=N ( c o n j u g a t e d ) 1515 15V5^ .
> ' 
C-H bond ing v i b r a t i o n s  
(as a s s ym m et r i c a l  methy l  )
1440 1440 . 1440
C-H bond ing v i b r a t i o n s  
( s y m m e t r i c a l  methy l  )
. 1370 ■ 
1320
1385 1370
C-H d e f o r m a t i o n  and C-C 
s t r e t c h i n g  v i b r a t i o n s
1135
1030
1160 1145
N-H o u t - o f - p l a n e  bonding 
o r  wagging
______________________Z — ^ ------------------------
74 0- 7 20 720-740
1
a = amide" I  band 
fa = amide I I  band
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TABLE I I
CHARACTERISTIC INFRARED-BANDS OF GLYCOLURIL 
(FREQUENCIES cm‘ M
F u n c t i o n a l  groups Group L i t . Exp. D i u r e i d e
. f r e q u e n c i e s va l  ue data e x p . d p t a
N-H s t r e t c h i n g  
v i b r a t i o n s  \  
bonded NH j -
• 3220-3180 3200 ■ 3200 3240 ■
Bonded NH 
( c i s  & t r a n s )
3100-3070 3040 3060
C-H s t r e t c h i n g  
v i  b r a t i  ons 
( s y m m e t r i c a l  )
2840 2850 2830 2860
C=0 s t r e t c h i n g  
v i b r a t i o n s ( I  band) 
secondary  amides or  
r i n g  fused  , 1 actams
1700-1665 , 
■ 1680-1630
)
(760 1760 17?0*
.Combinat ion bonds o f  
N-H d e f o r m a t i o n  and 
C-N s t r e t c h i n g  
v i b r a t i o n s  .
1 550-1 51 0 1510 , 1510 1515%
1640°
Combinat ion  amide I I
C-H d e f o r m a t i o n  and 
C-C s t r e t c h i n g
I. 1305-1200 
1135 • '  ,
1 340 ' 
1260 
■ 1130
1340
1250
1 1 1 0 1145
NH-d e f o r ma t i on  . 
v i  b r a t i o n
ca700 \p 720-740
Secondary amides 
( I V  band)
770-620, 740 740
...r
\
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found  1n the  d i u r e i d e  spect rum.  As i n  t he  secondary  
amines ,a  f a i r l y  p r o m i n a n t  C-N-C o u t - o f - p h a s e  s t r e t c h i n g  
band near  1130 cm~^ i s  p r e s e n t  i n  g l y c o l u r i l .  The c h a r ­
a c t e r i s t i c  bands a t  3200 cm""*, 740 - 720 cm"^ are  due 
t o  the d e f o r m a t i o n  o v e r t o n e  o f  NHg and an NHg wag band.
The expec t ed  CHg wag, t w i s t  and r oc k  v i b r a t i o n  are  p r e s e n t
a t  2930 cm
(35
— 1 - 1 _ 1
2850 cm" and 1460 cm" i n  d i u r e i d e  s p e c t r a
3 8 ) .  The a n a l y s i s  o f  t he  data i n  Tab l e I and I I ,  
(
l ea ds  us t o  b e l i e v e  t h a t  t he  compound i s o l a t e d  i s  no t  a 
g l y c o l u r i l  b u t  r a t h e r  a : d i u r e i d e  as r e p o r t e d  by Lugosi  
e t  i l .  ( 2 0 ) .
In o r d e r  t o  g a i n  f u r t h e r  i n f o r m a t i o n ,  mass d e s o r p ­
t i o n  and e l e c t r o n  i m pa c t  mass s p e c t r o m e t r i c d a t a  were 
c o l l e c t e d  on g l y c o l u r i l  and o t h e r  d i u r e i d e s .  The m o l e ­
c u l a r  w e i g h t  f o r  g l y c o l u r i l  was found t o  be 142 as c a l ­
c u l a t e d .  F r a g m en t a t i o n  p a t t e r n s  on g l y c o l u r i l  gave the 
proposed i ons  and m o l e c u l a r  i on . ,  (See Scheme 7 ) .
[ C = 0 ] t  [ NH g j t  [NH=C=0] t  
m/e 28 m/e 17 m/e 43
' - 4  A'
/
0=C
\
NH
NH-
B 
CM
C.H
NH
NH
\
/
C=0
[NH2 -C = 0 ] '  
 ^ m/e 44
M o l e c u l a r  i on  m/e 142
Z  jp  ■
[ M - 2 8 ] !  [ M - 7 l ] t  [-M+1]!
.m/e 114 ' ' ! ^m/e  71 m/e 143
SCHEME.7
' ;
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Since the  mass spec t rum d i s p l a y s  a peak m/e 28 mass 
u n i t s  above the  m o l e c u l a r  i o n  peak,  the  t h r e e  most  l i k e l y  
. - c a n d i d a t e s  f o r  a sp ec ie s  o f  mass 28,  t he  CH2 =CH2 > C=Q)>
N2 can be taken i n t o  c o n s i d e r a t i o n  ( 3 9 ) .  S ince g l y c o l ­
u r i l  possessed a C=0 g r o u p i n g ,  the  abundance o f  f r agment s  
w i t h  m/e 28 i s  e a s i l y  v i s u a l i z e d ,  and poss i  b i  1 i  t y ^ ; f  con-  
, t a m i n a t i o n  o f  the sample .can  be e l i m i n a t e d . '  S i m i l a r l y ,  
I h e  proposed f r a g m e n t a t i o n  p a t t e r n  on e t h y l  m e t h y l d i u r e i d e  
were o b t a i n e d  as i n d i c a t e d  i n  Scheme 8 .
C=0 
m/e 28
CH.
NH=C=0 
m/e 43
B
0
II
NH2 -C= 0  
m/e 44 
7»
C = N -  C -  NH,
C •= N
C2 H5
C - NH, 
II 3
0
CH,-C=N-C-NH 
-  ^ II 
0
m/e 85
M. : 
m/e 184
M - c o  :  
m/e 156
M-85 !  
m/e 99
SCHEME 8
From the f r a g m e n t a t i o n  p a t t e r n s  on g l y c o l u r i l  and 
t h e ^ d i u r e i d e ,  no c o n c l u s i v e  e v i de n ce  w i t h  r e g a r d  to  the 
s t r u c t u r e  can be deduced.  (Compare Scheme 7 to  Scheme 
8 , and see Table I I ) .
F u r t h e r m o r e ,  3 a - m e t h y l - 6 a - p h e n y l g l y c o l u r i 1 and the
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c o r r e s p o n d i n g  d i u r e i d e  {methy l  p h e n y l d i u r e i d e ) were s y n ­
t h e s i z e d .  The, g l y c o l u r i l  was s y n t h e s i z e d  v i a  t h e  base-
c a t a l y z e d  r e a c t i o n  (see CHAPTER I I I ) .
- ,  - ' )Mass s p e c t r o m e t r i c  (FD)data  o f  bo th  compounds i n d i ­
ca ted  t h a t  t h e r e  w^s a phenyl  r a d i c a l  and a m o l e c u l a r  
i o n  w i t h  m/e o f  232 . 28 .  The e l e c t r o n  i mpact  mass spec-  
t r o m e t r i c d a t a  gave f r a g m e n t a t i o n  pa t te rT i s  s i m i l a r  f o r  
both  compounds as shown i n  Tab l e  I I I ,  and o n l y  r e l a t i v e  
abundance va lu es  were found t o  be d i f f e r e n t .  Both c o n ­
t a i n e d  peaks a t  m/e o f  28 as shown by p r e v i o u s  compounds.
S i nce  3 a - m e t h y l - 6 a - p h e n y l g l y c o l u r i 1 was s y n t h e s i z e d  
v i a  b a s e - c a t a l y z e d  r e a c t i o n  and because when d i s s o l v e d
V ,
• i n  a c i d i c  media i t  gave a p i n k - c o l o r e d  s o l u t i o n  w i t h  a 
s i m i l a r  v i s i b l e  spect rum to  t h a t  o f  the  c o r r e s p o n d i n g  
d i u r e i d e ,  q^ ne can p o s s i b l y  c o n c l u de  t h a t  the g l y c o l u r i l  
was be ing  c o n v e r t e d  v i a  r e a r r a ng e me n t  t o  the  same p r o t o ­
chromogen as the  d i u r e i d e .
Tab le  IV l i s t s  t he  U.V.  a b s o r p t i o n  maxima f o r  some 
o f  the  s t a r t i n g  m a t e r i a l s ,  h y d a n t o i n ,  t r i a z i n e ,  g l y c o l ­
u r i l  and d i u r e i d e .  The data  p roposes .the s t r u c t u r e  o f  
the  p ro tochromogen to  be s i m i l a r  t o  d i a c e t y l m o n o s e m i -  ^  
carbazone and no t  t o  h y d a n t o i n ,  t r i a z i n e  o r  g l y c o l u r i l .
T h e r e f o r e ,  a d i u r e i d e  as a p o s s i b l e  s t r u c t u r e  f o r  
t he  pro tochromogen o f  the  u r e a - d i a c e t y l m o n o x i m e  r e a c t i o n  
can n o t  be r u l e d  o u t .
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TABLE IV
CORRELATION OF ABSORPTION MAXIMA
\
A b s o r p t i o n
maxima
S o l v e n t
« ^
Urea 195 Water
2 , 2 - Bu ta ned io ne ' 228 A1cohol
2 , 3-Butanedionemonox ime 230 HCl
Hydanto in . 223 NaOH
1 , 3 , 5 - T r i a z i n e 272 I sooc tane
G l y c o l u r i 1 236,213 50%/HCl
Di a c e t y l  monosemi c a r b a 2 0 ne 2. 68 Acid
U t  DAM + HCl 268,226 HCl
Glyoxa l  + U 265,205 HCl
3a , 6 a - D i me t l j y l  g l y c o l  u r i  1 256 A1cohol
5 , 5 - D i m e t h y l h y d a n t o i n 219 Alc-KOH
/
to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
' 30
D, CONCLUSIONS
The u r e a - d i a c e t y l m o n ô x i m e  r e a c t i o n  was s t u d i e d  i n  
a c i d  medium. A p r o d u c t  was i - s o l a t ed  ( w h i t e  c r y s t a l s )  .
wh i ch  me l t ed  above 300°C ( d ) .  Mass s p e c t r a l  data  (de -  
s o r p t i o n  mass s p e c t r o m e t r y )  i n d i c a t e s  t h a t  t he  m o l e c u l a r  
w e i g h t  o f  the  compound was 170 whi ch  co r r esp on ds  t o  both  
d i u r e i d e  and 3 a , 6 a - d i m e t h y l g l y c o l u r i 1. E l e c t r o n  i mpact  
mass s p e c t r a l  data i n d i c a t e s  the  presence o f  the  base 
peak a t  mass 28 which r e p r e s e n t s  the  [C=0] .  i on  whi ch  i s  
as e a s i l y  f r a g m e n t a b l e  f rom g l y c o l u r i l  as f rom t h e  d i u r e i d e .  
No c o n c l u s i v e  ev idence  can be d e r i v e d  f rom mass f ragmen-G
t o m e t r y .  U s u a l l y ,  the  i n t e r a c t i o n  between an a - d i c a r b o n y l  
compound and urea i n  t h e  p resence o f  a c i d s  o r  a l k a l i  
does n o t  r e s u l t  i n  the f o r m a t i o n  o f  a 4 , 5 - d i h y d r o x y - 2 -  
i m i d a z o l i d o n e  but  produces a h y d a n t o i n  i n s t e a d .  Since 
h y d a n t o i n  ( 5 , 5 - d i m e t h y l h y d a n t o i n )  when d i s s o l v e d  i n  HCl 
d i d  n o t  g i v e  the  t y p i c a l  c o l o r  r e a c t i o n  o f  the  u r e a -  
d i a c e t y l m o n o x i m e ,  i t  must  n o t  be t he  p ro tochromogen o f  
t he  r e a c t i o n .  Hydan to i ns  absorb  a t  256 nm and,
t h e r e f o r e ,  the  absence o f  t h i s  a b s o r p t i o n  band i n d i c a t e s  
t h a t  t he  r e a c t i o n  does no t  produce h y d a n t o i n  under  the  
r e a c t i o n  c o n d i t i o n s  used.
Veniamin and V a k i r t z i - L e m o n i a s  (27)  have d emons t r a ­
ted the  l i n e a r i t y  o f  m o l a r  response in- p igment  p r o d u c t i o n  
by t he  g l y c o l u r i l ,  w i t h  and w i t h o u t  exposure to  l i g h t . '
The s t a n d a r d  curves  o b t a i n e d  f o r  3 a , 6 a - d i m e t h y l g l y c o l u r i l
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show some decrease In, c o l o r  I n t e n s i t y  a f t e r  48 h ou rs .
They have a l s o  s t u d i e d  the  t i m e  cou r se  c o n v e r s i o n  o f  
3 a , 6 a - d i m e t h y l g l y c o l u r i l  = 478 nm).  As the  c o l o r
s t a r t s  d e v e l o p i n g ,  the  a b s o r p t i o n  a t  X „ , „  236 nm s t a r t s
In a  X <
d e c r e a s i n g . ,  ■ Th i s  i n d i c a t e s  t h a t  3 a , 6 a - d i m e t h y l g l y c o l u r i 1 
i s  be ing  t r a n s f o r m e d  i n t o  some o t h e r  p r o d u c t  i n  the  a c i d  
medium which mus t ,be  the  a c t u a l  chromogen.  T h e r e f o r e ,  
i t  i s  p o s s i b l e  t h a t  the  g l y c o l u r i l  may be t r a n s f o r m e d  
i n t o  the  open c ha in  d i u r e i d e ,  wh i ch  then r e p r e s e n t s  the  
chromogen o r  p ro tochromogen i n  s o l u t i o n  i n  the  urea 
d i  a c e t y l  monoxime . . r ea c t i o n .
D i e l s  ( 21 ,  40)  has shown t h a t  d i a c e t y l m o n o s e m i c a r b a -  
zone was a p p a r e n t l y ,  u n a f f e c t e d  by e i t h e r  c o l d  d i l u t e  
a l k a l i  o r  warm sodium e t h o x i d e  ( 2 6 ) .  B o i l i n g  a c e t i c  a c i d  
h y d r o l y z e s  i t  t o  d i a c e t y l .  However ,  t he  c y c l i z a t i o n  to  
a t r i a z i n e  o f  d i a c e t y l m o n o s e m i c a r b ^ z o n e  was u l t i m a t e l y  
a ch i ev ed  by r e f l u x i n g  i t  i n  2 N sodium h y d r o x i d e  ( 4 1 ) .  
T h e r e f o r e ,  i t  would appear  t h a t  under  the  u r e a - d i a c e t y l ­
monoxime r e a c t i o n  c o n d i t i o n  one c o u l d  s a f e l y  e l i m i n a t e  
the  p o s s i b i l i t y  o f  t r i a z i n e s  as p r o t o c h r o m o g e n s . (See 
Scheme 9 ) .
As p r e v i o u s l y  r e p o r t e d  ( 2 0 ) ,  a p o s i t i v e  n i t r o u s  a c id  
t e s t  a l s o  c o n f i r m s  the open c h a i n  s t r u c t u r e  f o r  the 
i s o l a t e d  p r o d u c t .
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CH.-C-N-NH-C-NH,  C N
■^1 II 2N NaOH . jj I
CH.-C-O 0 ^ Ji 1 55%
.■• 5 , 6 - d i m e t h y l - 3 - o x y - r , 2 , 4 - t r i a z i n e
SCHEME 9
The c o n d e n s a t i o n  o f  d i a c e t y l m o n o x i m e  w i t h  urea can 
then be v i s u a l i z e d  as shown i n  Scheme 10.
0
« 1 1
. 0 NHg-C-NH,
^ ^ 3 - 9 = 0  C H 3 - C = 0 H ®  ; N H p - C - N H p  '
C H , . ^  =  0  C H 3 - C = 0  — - - - - - - - ^  I O H
CHg-C = 0
OHg
' . \  0
S II /NH-C-NH;
CHo-C = N-C-NH. ... H® CH,-C = N-C-NHo r ^ 2 °  CH^-C
0 I 2 < N H , - C - N H ,  0 I 2 3 \ @ +
CHq-C=N-C-NH_ ^ II ^ CH,-C = 0
0 , “  CH3 -C=0 .
(  / •
v i a  g l y c o l u r i l  t o  S i e s t ' s  (18)  ^
chromogen
J,?
mono- o r  d i u r e i d e  
SCHEME 10
Thus one can s a f e l y  p r e d i c t  the  e x i s t e n c e ' o f  d i u r e i d e  
as the  ma jo r  protoct j romogen o f  the  u r e a - d i a c e t y l m o n o x i m e  
r e a c t i  o n .
J
/
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■; CHAPTER I I
INVESTIGATION OF THE FUNCTION OF THI0SEMICARBA2IDE IN 
THE UREA-DIACETYLMONOXIME-REACTION 
A. INTRODUCTION
\ ■ The o r i g i n a l  carbamido r e a c t i o n  o f  Fearon ( 8 ) has
\  been m o d i f i e d  by v a r i o u s  wor ke r s  i n  o r d e r  t o  s t a b i l i z e
a n d / o r  i n t e n s i f y  the  c o l o r  o f  the  d i ac e ty l m on ox i m e
r e a c t i o n  w i t h  u rea .  The m o d i f i c a t i o n s  i n v o l v e s  a d d i t i o n
o f  one o r  a c o m b i n a t i o n  o f  t h e  f o l l o w i n g  substances to
the  r e a c t i o n :
semi d i ne  ( 2 7 ) ;  po tass ium p e r s u l f a t e  (1 0 , 4 2 - 4 4 ) ;
' a r s e n i c  a c i d  (45 - 4 9 ) ;  c a t i o n s  ( 5 ,  50 -  5 2 ) ;
phenazone (53 -  5 6 ) ;  £ - d i m e t h y l  aminobenza ldehyde 
( 5 7 ) ;  p h e n y l a n t h r a n i l i c  a c i d  ( 5 ,  5 8 ) ;  g l u c u r o n o -  
1a c t o n e - g l u c o s a c c h a r o d i 1a c t on e  ( 1 9 ,  5 9 ) ;  t h i o -  
s e mi c a r b a z i d e  ( 5 ,  60 -  62) . .
I t  has been shown t h a t  when d i a c e t y l  i s  used i n -
■ s tead  o f  d i a c e t y l m o n o x i m e ,  the c o l o r  i n t e n s i t y  o f  the  
chromogen seems t o  be one t e n t h  o f  t h a t  o f  d i a c e t y l ­
monoxime. The more i n t e n s e  c o l o r  w i t h  d i ac e ty l m on ox i m e
has been a t t r i b u t e d  t o  s low p r o d u c t i o n  o f  d i a c e t y l  and
c o n t i n u o u s  d e s t r u c t i o n  o f  the  gene ra te d  h y d r o x y l  ami ne 
by the  a c i d  medium o f  the r e a c t i o n .  T h e r e f o r e ,  the 
f u n c t i o n  o f  t he  o x i d i z i n g  agen t  .seems t o  be m a i n l y  c o n ­
cerned w i t h  the  d e s t r u c t i o n  o f  the  h y d r o x y l  amine formed 
i n  the  r e a c t i o n .  However,  i t ,  i s  no t  u n l i k e l y  t h a t  i t  
m i g h t  have o t h e r  i n v o l v e m e n t  i n  the r e a c t i o n  which i s  
n o t  c l e a r  a t  the  p r e s e n t  t i m e .
33
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
34
C o l o r  r e a c t i o n s  o f  c a r b a z i d e s  and carbamides wit l f l  
d i a c e t y l  and d i a c e t y l d i o x i r a e  i n  warm h y d r o c h l o r i c  a c i d  
were c a r r i e d  o u t  by Smi th ( 3 2 )  i n  1935 and used f o r  r a p i d
w''
d i f f e r e n t i a l  q u a l i t a t i v e  t e s t s  f o r  t hese  compounds.
S e m i c a r b a z i de and d i a c e t y l  i n  warm h y d r o c h l o r i c  a c i d  
gave a red c o l o r a t i o n ;  on s u b s e q u e n t . a d d i t i o n  o f  ammonia,  
b l u i s h - v i o l e t  c o l o r s  d e v e l o p ed .
Lugosi  ^  aj_- ( 2 0 )  observed that . ,when the  s’o l u t i o n  
o f  d i a c e t y l m o no se m i ca r ba z on e  was s u b j e c t e d  t o  t he  s t a n d ­
ard  c o n d i t i o n s  ( d i s s o l v e d  i n  a c i d  medium w i t h  a p p l i c a t i o n  
o f  h e a t )  f o r  the d e t e r m i n a t i o n  o f  urea i n  c l i n i c a l  l a b o r ­
a t o r i e s  ( 5 ) ,  a p i n k  s o l u t i o n  was' o b t a i n e d .  The da ta  i n  
Tab l e  V was o b t a i n e d  f rom t h e i n  work, on d i a c e t y l m o n o -  
s e mi c a r b az on e .
Veniamin and V a k i r t z i - L e m o n i a s  ( 2 7 ) suggested t h a t  
s emi d i ne  o r  t h i o s e m i c a r b a z i de i s  the  f i n a l  e l e c t r o n  
a c c e p t o r  f rom the  chromogert ( g l y c o l u r i l )  and proposed the 
r e a c t i o n  mechanism as p r es e n t e d  i n  Scheme 11.
A c o n t i n u o u s  s h i f t  o f  the  e q u i l i b r i u m  t o  the  r i g h t  
can be v i s u a l i z e d  by presuming t h a t  the  f o r m a t i o n  o f  the  
c o l o r  p igment  i s  i r r e v e r s i b l e .  They observed t h a t  a d d i ­
t i o n  o f  semid i ne  o r  t h i o s e m i c a r b a z i d e  produce a more
s t a b l e  p i n k  c o l o r  w i t h  = 535 nm and c onc lude  t h a tma.x «
the  t h i o s e m i c a r b a z i de i s  the  f i n a l  e l e c t r o n  a c c e p t o r  
i n  t he  above r e a c t i o n .
From the  sj ;udy o f  t he  u r e a - d i a c e t y l m o n o x i m e  i n  
CHAPTER I and work p u b l i s h e d  by Lugosi  al_. ( 2 0 ) ,  the
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OH OH
T T T T T I I T
CH_-C=0 + CHo-C —^  C-R '
0 ^  P^ I -N U ' ”
■ \ - c
R^ = phenyl  
R^^,  & R^^^ = methy l
Pigment
[ c o r y n o i d  { ? ) ]  ,
. H , F e  ^ . O g . h v
R^I -NH-C- NH- R^ I f
II
0
hv
p h o t o l y s i s
p r o d u c t
0=C
CH. R^^
I  '  1
N
c = o
r I i  R: k i l l
SCHEME 11
open d i u r e i d e  s t r u c t u r e  f o r  t h i s  r e a c t i o n  must  be taken  
i n t o  c o n s i d e r a t i o n .  The main o b j e c t  o f  the  p r o j e c t  was 
to  t r y  and f i n d  o u t ,  i f  p o s s i b l e , t h e  f u n c t i o n a l  i n v o l v e ­
ment o f  t h i o s e m i c a r b a z i d e  i n  t he  u r e a - d i a c e t y l  r e a c t i o n ,  
and s t u d y  the  n a t u r e  o f  the  p r o t o c h r o m o g e n ( s ) i n  t h i s  
r e a c t i o n .  T h e r e f o r e ,  the  s p e c t r a l  s t u d i e s  i n  the  v i s i b l e '
and t h e  u l t r a v i o l e t  range o f  t h e  above r e a c t i o n  under
♦  '
s t a n d a r d  c o n d i t i o n s  f o r  the  d e t e r m i n a t i o n  o f  BUN i n  the  
c l i n i c a l  l a b o r a t o r y  was u n d e r t a k e n .  At  t he  same t i m e ,  
an a t t e m p t  was made to  i s o l a t e  t he  chroraogen( 's) o f  the  
r e a c t i o n  a n d / o r  s y n t h e s i z e  the  p r o d u c t ( s )  under  concen­
t r a t e d  r e a g e n t  c o n d i t i o n s ,  and o b t a i n  I . R . ,  U.V.  and 
mass s p e c t r o p h o t o m e t r i c  data on t h e  p r o d u c t ( s ) .
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In a d d i t i o n ,  a compar i son s t u d y  o f  the  r e a c t i o n  o f  
d 1 a c e t y 1 mono%imeth1 osemicarbazone w i t h  urea i i \  a'cid
r
medium, w i t h  t h a t  o f  the  u r e a - d i a p e t y l m o n o x i m e - t h i o s e m i -  i 
ca rb az id e .  r e a c t i o n  was c a r r i e d  o u t .
\
■ ' C  '  " •
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B. EXPERIMENTAL . ’ •
1 . Appara t us
•
The appara tus  used was the  same a s , t h o s e  used in  
CHAPTER I  s e c t i o n ’ B . l  . The f r e e z e  d r i e r  used was Model
• V-* -,
USM-15 ( U n i v e r s a l  s u b - m o b i l e  15) purchased from- the
V i r t i s  Company^ Inc . ,  G a r d i n e r ,  N.Y.  12525.
%
• • ' 2.  REAGENTS >  •
/
Urea and 2 ,3 -bu t ane d i on emo nox i me  ( d i a c e t y l m o n o x i m e )  
'Reagent  g r ad e '  were o b t a i n e d  f rom F i s h e r  S c i e n t i f i c  
«Company, F a i r ! a w n .  New J e r s e y .
T h i o s e m i x a r b a z i d e  was purchased f rom Eastman Kodak ^  
Company, R o c h e s t e r ,  N.Y.
Stock urea s o l u t i o n :  U r e ^  ( 0 . 5 0  g ) was d i s s o l v e d  
and d i l u t e ’d w i t h  d i s t i l l e d  w a t e r  s a t u r a t e d  w i t h  benzo i c  
a p i d  t o  1 0 0 0  ml .
Working urea s o l u t i o n :  Stock urea s o l u t i o n  (10 mL) 
was d i l u t e d  w i t h  d i s t i l l e d  w a t e r  t o  100 mL.
D i ace ty l monox i me  s t o c k - s o l u t i o n :  DAM ^ 5 . 0  g) was 
d i s s o l v e d  i n  a 1000-mL v o l u m e t r i c  f l a s k  and d i l u t e d  to  
t he  mark w i t h  d i s t i l l e d  w a t e r .
T h i o s e m i c a r b a z i d e  s t o c k  s o l u t i o n :  TSC ( 5 . 0  g) was 
d i s s o l v e d  i n  a o n e - l i t e r  v o l u m e t r i c  f l a s k  and d i l u t e d  
to  the  mark w i t h  d i s t i l l e d  kwater .
 ^ C o l o r  Reagent :  Th i s  was made by add i ng  67 mL o f  
DAM ( s t o c k )  t o  67 mL o f  TSC ( s t o c k )  s o l u t i o n .  They were
I
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mixed t o g e t h e r  i n  a o n e - l i t e r  v o l u m e t r i c  f l a s k  and d i - 
. l u te d  to  one l i t e r  w i ^h  d i s t i l l e d  w a t e r .
F e r r i c  c h l o r i d e  s o l u t i o n :  FeClg'SHgO { 1 9 . 0  g^^^as 
d i s s o l v e d  i n  a o n e - l i t e r  v o l u m e t r i c  f l a s k  w i t h  d i s t i l l e d  
w a t e r .  Phosphor i c  a c i d  (300 mL o f , 85%) was added^ to  i t ,  
and the m i x t u r e  was d i l u t e d . t o  t h e"ma rk  w i t h  d i s t i l l e d  w a t e r .
2Y)% S u l f u r i c  a c i d  s o l u t i o n :  Th i s  s o l u t i o n  was p r e ­
pared by adding 200 mL o f  c o n c e n t r a t e d  s u l f u r i c / a c i d  t o  
.700 mL o f  d i s t i l l e d  w a t e r  i n  a o n e - l i t e r  v o l u m e t r i c  f l a s k ’, 
and d i l u t e d  w i t h . - s u f f i c i e n t  q u a n t i t y  o f  d i s t i l l e d  w a t e r  
t o  t h e  10 0 0  mL m a r k .
Working a c i d  s o l u t i o n :  The f e r r i c  c h l o r i d e  s o l u t i o n  
( 1 . 0  mL) was p i p e t t e d  i n  a o n e - ^ ô i e r  v o l u m e t r i c  f l a s k  
and d i l u t e d  to the  mark w i t h  2 0 % s u l f u r i c  a c i d .
2 , 3 - B u t a n e d i o n e o x i m e t h i o s e m i c a r b a z o n e  w a s  p u r c h a s e d  
f r o m  E a s t m a n  O r g a n i c  C h e m i c a l s ,  D i s t i l l a t i o n  P r o d u c t s  > 
I n d u s t r i e s ,  R o c h e s t e r ,  N.Y. •
Stock c o l o r  r e a g e n t :  DAMTSCO ( 0 .3524  g (2 x 10 
m o l e s ] )  was d i s s o l v e d  i n  50 mL o f  c o n c e n t r a t e d  HCl i n  a 
100-mL v o l u m e t r i c  f l a s k  and d i l u t e d  t o  t h e  mark w i t h  
d i s t i l l e d  w a t e r .  A y e l l o w  s o l u t i o n  was o b t a i n e d  which 
changes c o l o r ,  t o  orange on s t a n d i n g  a t  room t e m p e r a t u r e .
Working c o l o r  r e a g e n t :  The s t o c k  DAMTSCO was d i ­
l u t e d  1 / 1 0  w i t h  d i s t i l l e d  w a t e r .
- "3
s t o c k  urea s o l u t i o n :  Urea ( 0 . 5  g [ 8 . 3  x 10"  m o l e s ] )
was d i s s o l v e d  i n  a 100-mL v o l u m e t r i c  f l a s k  w i t h  d i s ­
t i l l e d  w a t e r .
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- Wo r k i ng  a c i d  s o l u t i o n :  Con ce n t ra te d  HCl (50 mL)
■ was d i l u t e d  to  100 mL w i t h  d i s t i l l e d  w a t e r  (50% HCl ) .
A c e t o n i t r i l e  ( C e r t i f i e d )  was purchased f r om F i s h e r  
S c i e n t i f i c  Company, F a i r l a w n ,  N . J .  07416".
:
3. METHODS
( a )  The Measurement  o f  Urea N i t r o g e n  by D i ace ty l monox i me
Procedure  -
JJte manual  p ro ced ur e  by Bousquet  e ^  al_. ( 63 )  which 
was. a v a r i a t i o n  o f  t h e  automated p ro ced ur e  (5 ,  34,  54,
65)  was used.  The w o r k i n g  urea s o l u t i o n  (0 .1 and 0 .2  
mL) was p i p e t t e d  i n t o  the  c o r r e s p o n d i n g  tubes  marked #1 
and #3.  To the  tube #1 was added 0.1 mL o f  d i s t i l l e d  
w a t e r .  To the  tube #2 was added 0.2 mL o f  d i s t i l l e d  
- w a t e r .  Working c o l o r  r e a g e n t  (4 mL) and w o r k i n g  a c i d  
r e a g e n t  (4 mL) were t r a n s f e r r e d  to a l l  t he  t u b e s .  The 
tubes  were covered w i t h  a p i e c e  o f  aluminum f o i l  and ^ 
heated i n  a b o i l i n g  w a t e r  ba th  f o r  15 m i n u t e s ,  then 
c o o l ed  i n  r u n n i n g  w a t e r .  The a b s o r p t i o n  s p e c t r a  were 
o b t a i n e d  by scann i ng  t he  s o l u t i o n s  f rom 400 nm t o  600 nm 
a g a i n s t  d i s t i l l e d  w a t e r .  The. a b s o r p t i o n  s p e c t r a  o f  the  
deve l oped  c o l o r  ( a b s o r p t i o n  maximum, 525 nm) cor responded 
to  t h a t  o f  the  l i t e r a t u r e  da ta  ( 5 ,  63 -  6 5 ) .
The u l t r a v i o l e t  s p e c t r a l  s tu d y  o f  t h e  deve l oped 
c o l o r  was per fo rmed on à 1 0 0 - f o l d  d i l u t i o n  o f  the  above 
m i x t u r e s .
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M o d i f i e d  Procedure  f o r  the  Measurement  o f  Urea 
Ni t r -ogen '
I n s t e a d  o f  the  above w o r k i n g  a c i d  s o l u t i o n ,  50% HCl 
was s u b s t i t u t e d  as the  w o r k i n g  a c i d .  In t h i s  p rocedur ef
t ube  #1 was t h e  b l a n k ,  tube #2 c o n t a i n e d  0.1 mL w o r k i n g
urea s t a n d a r d  w i t h  0.1 mL o f  d i s t i l l e d  w a t e r ,  #3 con-
1.^ '
t a i n e d  0 .2  mL o f  w o r k i n g  urea s t a n d a r d ,  and tube #4 had
0 .2  mL w o r k i n g  urea s ta n da rd  and 4 mL o f  20% s u l f u r i c  
a c i d  i n s t e a d  o f  50% HCl .
For the  u l t r a v i o l e t  s p e c t r a l  s t u d y ,  a l l  the above 
s o l u t i o n s  were d i l u t e d  1 0 0 - f o l d .
( c )  I s o l a t i o n  o f  t h e  Protochromogen f rom t he  Urea-  
D i a c e t y l  R ea c t i on  w i t h  T h i o s e m i c a r b a z i d e
T h i o s e m i c a r b a z i d e  ( 3 . 0  g [ 0 . 0 3  m o l e ] ) ,  2 .0  g ( 0 .0 3  
mole)  o f  urea and 3 .3  g ( 0 ,03  mo le )  o f  d i ac e ty l m on ox i m e  
were each d i s s o l v e d  s e p a r a t e l y  i n  15 mL o f  d i s t i l l e d  
w a t e r .  The urea and DAM s o l u t i o n s  were mixed and 25 mL 
o f  85% p h o s p h o r i c  a c i d  was added,  f o l l o w e d  by TSC 
s o l u t i o n  and 30 mL o f  d i s t i l l e d  w a t e r .  The r e a c t i o n  
m i x t u r e  was then heated to  100°C on a ho t  p l a t e  f o r  15 
m i n u t e s .  A red s o l u t i o n  was o b t a i n e d  c o n t a i n i n g  a w h i t e  
p r e c i p i t a t e .  The m i x t u r e  Was c o o l e d  and f i l t e r e d ,  y i e l d ­
ing 5 g (71.8%) o f  n e a r l y  w h i t e  s o l i d .  The red f i l t r a t e  
was kep t  f o r  f u r t h e r ^ n - b u t a n o l  e x t r a c t i o n  t r e a t m e n t .
The p r e c i p i t a t e  was d i s s o l v e d  i n  DMF and t r e a t e d  w i t h  
' N o r i t  A, b o i l e d  and f i l t e r e d .  To t h i s  f i l t r a t e  was added 
a c e t o n e ,  i n  o r d e r  t o  o b t a i n  a w h i t e  c r y s t a l l i n e  p r o d u c t  
whose f i e l d  d e s o r p t i o n  mass s p e c t r o m e t r i c  data i n d i c a t e d
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
42
the  m o l e c u l a r  w e i g h t  t o  be 2 3 2 . 7 8 ,  wh i ch  cor responds  to  
t h a t  o f  d i a c e t y l d i t h i o s e m i c a r b a z o n e .  I n f r a r e d  s p e c t r a  
suggested an open c ha in  s t r u c t u r e  f o r  t h e  compound. The 
red f i l t r a t e  was e x t r a c t e d  s e v e r a l  t im es  w i t h  smal l  
amounts o f  n - b u t a n o l .  The b u t a no l  e x t r a c t  was d r i e d  over  
anhydrous magnesium s u l f a t e  and c o n c e n t r a t e d  by vacuum 
d i s t i l l a t i o n  to  abou t  3 mL. The c o n c e n t r a t e  was f i r s t  
t r e a t e d  w i t h  1 :3  m i x t u r e  o f  m e t h a n o l :  e t h y l  a c e t a t e  f o l ­
lowed by ace tone t o  o b t a i n  a b l a c k - b l u e  s o l i d .  F u r t h e r  
s p e c t r o s c o p i c  work was done on t h i s  c rude  p r o d u c t .
(d )  A t tempted  I s o l a t i o n  o f  the  Pro tochromogen f rom t he  
Urea-Diacet -y lmonox ime R ea c t i on  w i t h  T h i o s e m i c a r b a z i d e  
under  C l i n i c a l  A n a l y t i c a l  C o n d i t i o n s
An i d e n t i c a l  e x t r a c t i o n  .to t he  ^bove was c a r r i e d  o u t
w i t h  n - b u t a n o l  a t  t h e  c l i n i c a l  c o n c e n t r a t i o n  o f  u rea.
•
A p i n k - c o l o r e d  b u t a n o l  e x t r a c t  was o b t a i n e d ,  however ,  a 
n e g l i g i b l e  amount o f  b l a c k - b l u e  p r e c i p i t a t e  was o b t a i n e d  
f rom the b u t an o l  c o n c e n t r a t e  o b v i a t i n g  a n y ' a n a l y t i c a l  
wor k .  Severa l  a t t e m p t s  t o  o b t a i n  c r y s t a l l i n e  m a t e r i a l  
f rom the  c o n c e n t r a t e s  were u n s u c c e s s f u l  .
( e )  S p e c t r a l "  Study o f  t h e  Rea c t i o n  M i x t u r e  o f  2 , 3 -  
B u t a n e d i o n e o x i m e t h i o s e m i c a r b a z o n e  w i t h  Urea
To t e s t  tube #1,  was added 20 pL o f  s t o c k  urea 
s o l u t i o n .  To tubes  #2 and #3 were -added, 20 pL o f  d i s ­
t i l l e d  w a t e r .  C o l o r  r e a ge n t  (4 mL) was t r a n s f e r r e d  to  
a l l  t he  tubes f o l l o w e d  by 4 mL o f  w or k i ng  a c i d .  The 
tubes #1 and # 2  were covered w i t h  aluminum f o i l  and 
heated f o r  15 m i nu t es  i n  a b o i l i n g  w a t e r  b a t h .  The
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a b s o r p t i o n  s p e c t r a  o f  the  c oo le d  s d l u t i ' o n s  were measured 
a g a i n s t  50% HCl s o l u t i o n  as a b l a n k .  The u l t r a v i o l e t  
s p e c t r a l  s t u d y  was conducted  on t he  deve l oped  c o l o r  
s o l u t i o n s  as w e l l  as on the  u n i n c ub a t e d  sample a f t e r  a 
1 0 0 - f o l d  d i l u t i o n  w i t h  d i s t i l l e d  w a t e r .
( f )  I s o l a t i o n  o f  the  Protochromogen f rom Cirea-Di  a c e t y l - 
monoxime Rea c t i o n  w i t h  T h i o s e m i c a r b a z i d e
In a p o r c e l a i n  e v a p o r a t i n g  d j s h  were weighed o u t  
1 .5  g (0 .025 mo le )  o f  u rea .  A s o l u t i o n  o f  2 .27 g (0 .025 
mole)  - t h i o s e m i c a r b a z i d e  was p re par ed  by d i s s o l v i n g  i t  i n  
a few ml  o f  50% HCl .  Th.is was added t o  urea w i t h  a 
s o l u t i o n  o f  d ia c e t y l m o n o x i m e  (2.5 g [ 0 . 0 2 5  mole] )  which 
wa3 d i s s o l v e d  i n  a minimum amount o f  50% HCl .  The m i x ­
t u r e  was heated on a steam bath  w i t h  a g i t a t i o n .  W i t h i n  
abou t  5 mi nu tes  a p i n k - p u r p l e  s o l u t i o n  was formed.  The 
s o l u t i o n  was then c o n c e n t r a t e d  on the  steam bath to  
about  1.5 - 2 .0  mL. A few m i l l i g r a m s  o f  b l ue  c r y s t a l -  
l i n e  p r o d u c t  were r e c o v e r e d .  S p e c t r a l  s t u d i e s  were 
c a r r i e d  ou t  on the  r e a c t i o n  c o n c e n t r a t e .
( g ) ,  I s o l a t i o n  o f  the  Pratochromogen o f  the  U r e a - D i a c e t y l -  
t h i o s e m i  carbazonemonoxime Reac t i  on
The p ro ced ur e  was i d e n t i c a l  t o  t h e  r e ^ t i o n  o f  ^ r e a -
d i a c e t y l m o n o x i m e  w i t h  t h i o s e m i c a r b a z i d e  as d e s c r i b e d  i n
3 ( f - ) .  The c o n c e n t r a t e  o b t a i n e d  was p i n k - b l u e  i n  c o l o r
( 1 . 5  - 2 .0  mL,). The p ro ced ur e  was f u r t h e r  m o d i f i e d  by
, r u n n i n g  the r e a c t i o n  i n  a c e t o n i t r i l e  i n s t e a d  o f  an
aqueous medium. The c o n c e n t r a t e  produced was i d e n t i c a l
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t o  t h a t  o f  the  aqueous r e a c t i o n .  Both o f  the  concen­
t r a t e s  were f u r t h e r  used t o  s t u d y  t he  v i s i b l e  and u l t r a ­
v i o l e t  ^ s pe c t r a l  c h a r a c t e r i s t i c s  o f  the  c o n c e n t r a t e .
F u r t h e r  t r i a l s  i n v o l v e d  d i f f e r e n t  c o m b i n a t i o n s  o f  
t f o sthe  m o l a r  r a i  o f  t h e  r e a c t a n t s .  t hese  p r o ­
duced p i n k - p u r p l e - b l u e  s o l u t i o n s .
( h )  C r y s t a l l i z a t i o n  o f  P r od uc t s  f rom R ea c t i on s  i n  
S e c t i o n  3 ( f )  and B. 3 ( g ) .
The f r e e z e  d r i e r  model USM-15 was p r e - c o o l e d  to
- 40°C*  then the d r i e r  was l oaded w i t h  the  above two
p r o d u c t s  { a p p r o x i m a t e l y  2 mL o f  each i n  t h e i r  r e s p e c t i v e
50-mL p o r c e l a i n  e v a p o r a t i n g  d i s h ) .  A vacuum was then
a p p l i e d  u n t i l  t he  p r e s s u r e  reached 100 m i c r o n s .  Nex t ,
the  s h e l f  h e a t e r  was t u r n e d  on to  30°C,  .and the  vacuum
c o n t i n u e d  u n t i l  i t  reached a r e a d i n g  o f  5 -  10 m i c r o n s .
No c r y s t a l l i z a t i o n  o f  t he  c o n c e n t r a t e s  was a c h i e v e d .
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%
. C. RESULTS AND DISCUSSION
The r e a c t i o n  o f  d i a c e t y l m o n o x i m e - u r e a  w i t h  t h i o s e m i ­
c a r b a z i d e  i n  a c i d  medium produced a- p i n k  ( r e d )  c o l o r
Whose X__.„ was 525 nm. The s h i f t  in.  f rom 480 nm t oluax max
525 nm i n d i c a t e s  p o s s i b l y  a tt e l e c t r o n i c  system which 
c o n t a i n s ,  more c o n j u g a t i o n  than t h e  d i a c e ty l m o no x i me  
i n t e r a c t i o n  w i t h  u rea .  F i g u r e s  1 and 2 r e p r e s e n t  the  
scans o f  t he  r e a c t i o n  a c c o r d i n g  t o  the A u t o A n a l y z e r  ®  I 
p r ocedur e  and the  r e a c t i o n  i n  HCl ,  r e s p e c t i v e l y .  The 
f i r s t  system c o n t a i n s  f e r r i c  i ons  w h i l e  the second system 
doe’s - n o t  c o n t a i n  any o x i d i z i n g  meta l  i o n s .  S ince the 
c o l o r  produced i n  both have the  same X^^ , one can c o n ­
c l ud e  th.at  the  f e r r i c  i on  p l a y s  no s i g n i f i c a n t  r o l e  .in 
the  c o l o r  f o r m a t i o n  o f  t h e  above r e a c t i o n ,  e x c ep t  t h a t  
i t  may a c t  as a c a t a l y s t .
F u r t h e r  i n v e s t i g a t i o n  o f  the  r e a c t i o n  mechanism was 
c a r r i e d  o u t  us ing  an u l t r a v i o l e t  s p e c t r o s c o p i c  p r o c e d u r e ,  
s i n c ^ i t  can be u s e f u l  i n  the  d e t e r m i n a t i o n  o f  t h e j f i  
s t r u c t u r e  f f f ^ o l e c u l e s  c o n t a i n i n g  c o n j u g a t e d  systems o f  
doub l e  bonds.  The presence o f  c o n j u g a t e d  u n s a t u r a t i o n  
always r e s u l t s  i n  one o r  more i n t e n s e  a b s o r p t i o n  maxima 
a t  w ave l eng t hs  g r e a t e r  than 200 nm. T h e r e f o r e ,  v e r y  
u s e f u l  c o r r e l a t i o n s  can be deduced f o r  the  p o s i t i o n s  
and i n t e n s i t i e s  o f  these  peaks a.s a f u n c t i o n  o f  t he  
s t r u c t u r e  o f  t h e  c o n ju g a t ed  sys tem.  Presence o f  0, N , ^  
S, o r  ha logen atoms in  t he  compound can absorb l i g h t  i n
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FIGURE 1 -
V I S I B L E  S P E C T R A  OF D I A C E T Y L M O N O X I M E - U R E A  W I T H  
T H I O S E M I C A R B A Z I D E  I N  2 0% H g S O *  ( A A I  M E T H O D )
Legend
1 .y I n c u b a t e d  f o r  15 m inu tes  a t  100°C 
Cone : DAM : 1 . 6 5 x 1 0~^ M
TSC: 3 .45  x 10"^  M
Urea:  8 .33  x 10"^  M
T o t a l  r e a c t i o n  vo lume:  8.1 mL
525;  £ = 1 . 2 7 ^x  l o ' '
2 . Work ing r e ag e n t  i n c u b a t e d
3.  I n cu b a t ed  f o r  15 m i nu tes  a t  100°C 
Cone: DAM: 1.65 x 10“ ^ M
TSC: 3 .45  x 1,0"^ M
Urea : 1 5 . 6 x 1 O"^ M
T o t a l  r e a c t i o n  vo lume:  8 .2  mL
^max 525; e = 1 .32  x l o "
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' FIGURE 2
■ '<
VISIBLE SPECTRA OF URE-A-DIACETYLMONOXIME REACTION 
WITH THIOSEMICARBAZIDE IN 50% HCl
. Legend
• Cone: DAM,: 1 .55 x 1 0 ' ^  M"
TSC: 3 .45  x 10"^  M
R a t i o :  DAM/TSC = 4 . 8 ;  DAM/Urea = 19.8 
I n c u b a t i o n  t i m e :  15 m i nu t es  a t  100°C
1. Reagent  b la n k  ( p a l e  y e l l o w - g r e e n )
2. Urea cone : 8 .33  x 10-4 M S
^rnax 525; £ =0.84 X 10
4 . p i n k  s o l u t i o n
Urea cone : 16.6  X 10-4 M
^ max 525; £  = 0 . 8 8 X 1 0
4 . p i n k  s o l u t i o n
Urea cone : 16. 6 ' X 10-4 M
^ma'x 525; £ = 1.3 2 X 1o '  ; p i n k  s o l u t i o i
T h i s was run i n  2 0 % Hg SO4
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t he  u l t r a v i o l e t  range because o f  the  presence  o f  unshared 
p a i r s  0^  e l e c t r o n s  (n e l e c t r o n s )  o f  t hese  atoms.  The 
two f e a t u r e s  o f  an u l t r a v i o l e t  spec t rum which  can g i ve  
i n f o r m a t i o n  c o n c e r n i n g  m o l e c u l a r  s t r u c t u r e  a r e :
1 . t he  w av e l en g t h  a t  wh i ch  t he  maximum l i g h t  i s  ab-"
2 . t he  i n t e n s i t y  o f  a b s o r p t i o n  a t  t h a t  w a v e l e n g t h .
Since many u n s a t u r a t e d  compounds absorb s t r o n g l y ,  
even a t  a v e r y  low c o n c e n t r a t i o n ,  t h e  r e a c t i o n  m i x t u r e  
o f  the  d ia c e . t ^ l mo no x im e- y re a  w i t h  t h i o s e m i c a r b a z i d e  was 
d i l u t e d ^ . T / , 1 0 0  b e f o r e  t a k i n g  any r e a d i n g s  i n  t h e  u l t r a ­
v i o l e t  r e g i o n .  F i g u r e  3 i l l u s t r a t e s  the  f o r  the
Hia.X
r e a c t i o n  a p eo r d i n g  t o  the  p r o c e d u r e . When the 
r e a c t i o n  m i x t u r e  was i n c u b a t e d ,  t h e  spec t rum was i d e n t i c a l  
t o  t h a t  o f  d i a c e t y l m o n o x i m e - u r e a  w i t h  t h i o s e m i c a r b a z i d e .  
Measurement  a g a i n s t  w or k i n g  a c i d  s o l u t i o n  d i d  n o t  g i v e  
v e r y  i n t e n s e  a b s o r p t i o n  peaks f o r  a p r o p e r  e v a l u a t i o n  o f  
t h e  r e s u l t .  Urea,  wh i ch  absorbs around 198 nm, appeared 
n e a r l y  t r a n s p a r e n t  a t  t h i s  c o n c e n t r a t i o n ,  because the 
a b s o r p t i o n  band was c o m p l e t e l y  o bscur e  and weak.  I t  was
t h e r e f o r e  n o t  used t o  s t u d y  the  r e a c t i o n  i n  the  p h o s p h o r i c -
+ 3 %s u l f u r i c - F e  ' w o r k i n g  a c i d  medium.
H y d r o c h l o r i c  a c i d  was s u b s t i t u t e d  for*  s u l f u r i c -  
p h os p h o r i c  a c i d  and the  r e a c t i o n  was r e p e a t e d .  F i gu re  
4 shows the  shape and a b s o r p t i o n  maximum o f  t h e  a b s o r p ­
t i o n  c u r v e ' w h i c h  has an i d e n t i c a l  t o  t h a t  o f  the
 ^ n ia X
s u l f u r i c  a c i d  r e a c t i o n .  The r e a c t i o n  c o n d i t i o n s  were
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FIGURE 3
r
ULTRAVIOLE-j SPECTRA OF DTACETY.LMONOXIME-UR.EA REACTION 
WITH tHIOSEMICARBAtfOE. IN 20% MgSO, (AAI '  METHOD)
l egend  •
. '
1. P i nk  c o l o r e d  s o l u t i o n  a f t e r  i n c u b a t i o n
f o r  15 mi nu t es  a t  100*C ' . ..
Cone
. D A M i ' V l .
TSC: ^ 3 . 4 5  x 1 0 ' ^  M
Urea:  8 .33  x I 'o’ ^^'M
65 X 10"2 M
. ■
T o t a l  r e a c t i o n  vo lume:  8.1 ml
V
• D i l u t i o n  f o r  u l t r a v i o l e t :  1 /100
268; e = 2 .05  x
' ipax 226:. ^ '  3 .23  x 10«
l !  Reagent  b l a n k  (TSC + DAM), i nc u b a t e d
W  263-^max 226.^
#1 read a g a i d s t  d i s t i l l e d  HgO i n s t e a d  
of- (4 ml 20% HgSO^ + 4 ml  HgO)
) r
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»
a l m o s t  i d e n t i c a l  w i t h  t h a t  o f  t h e  s u l f u r i c  a c i d  method.
Tf^e u l t r a v i o l e t  spec t rum i n  F i g u r e  4 i l l u s t r a t e s  t h e
*
wh i ch  c o i n c i d e s  w i t h  t h a t  o f  t h e  s u l f u r i c  a c i d  r e ­
nia X
a c t i o n .  However,  t he  r e s u l t s  o f  t h i s  e x p e r i m e n t  a l s o  
i n d i c a t e s  a lm os t  an i d e n t i c a l  a b s o r p t i o n  i n t e n s i t y  even 
though d i f f e r e n t  c o n c e n t r a t i o n s  o f  urea were used.  Ab­
s o r p t i o n  due t o  urea was jobscure  and c o u l d  n o t  be r e ­
so l v e d  as a sharp peak even a f t e r  chang i ng  the  s l i t  w i d t h .  
The i d e n t i c a l  a b s o r p t i o n  i n t e n s i t y  co u ld  be e x p l a i n e d  by
n o n s t o i c h i o m e t r i c -  p r o p o r t i o n s  o f  the  w o r k i n g  c o l o r  r e a -
- 2g en t  compound t o  urea’* . c o n c e n t r a t i o n . (DAM = 1 .65 x 10 M; 
TSC = 3.45 X l O ’ ^M; urea = 8 .3 3  x 10“ ^M; DAM/TSC = 4 . 8 ;  
DAM/urea = 1 9 . 8 ) .  Mo la r  a b s o r p t i v i t y  o f  t h e  p r o t o c h r o m ­
ogen a t  these  c o n c e n t r a t i o n s  i n  both  H'Cl and s u l f u r i c  
a c i d  r e a c t i o n  are l i s t e d .  (See F i g u r e  1 and 2 ) .
From F i g u r es  1 and 2 ,  i t  was c l e a r  t h a t  t he  c o l o r  
f o r m a t i o n  i s ^ p r o p o r t i o n a l  t o  t h e  urea c o n c e n t r a t i o n ,  the  
' t i m e  o f  i n c u b a t i o n ,  and p r o b a b l y  t o  the  a c i d i t y  o f  the  
r e a c t i o n  medium. T h e r e f o r e ,  bes ides-  t he  p i n k  c o l o r ,  
o t h e r  chromogen^^^ j y^  1 ow) are  formed depending upon the  
r e a c t i o n  c o n d i t i o n s .  A mass s p e c t r o m e t r i c  s t u d y  o f  t he  
i s o l a t e d  m a t e r i a l  .proved t h a t  t h e r e  was more than one 
compound formed.
The n - b u t a n o l  e x t r a c t  o f  d i a c e t y l m o n o x i m e - u r e a  
r e a c t i o n  w i t h  t h i o s e m i c a r b a z i d e  in^j ^ i d medium (HCl )  a t  
r e l a t i v e l y  h igh  c o n c e n t r a t i o n s  o f  the  s t a r t i n g  m a t e r i a l s  
showed an a b s o r p t i o n  a t  265 nm and 202 nm. The due
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FIGURE-4
ULTRAVIOLET SPECTR?A OF UREA-DIACETYLMONOXIME REACTION 
WITH THIOSEMICARBAZIDE IN 50% HCl
Legend
Conc. DA^ :  . 1 . 6 5  x i o " ^  M -
TSC: 3 .45  x 1 0 " ^  M
^ ^ T o t a l  r e a c t i o n  vo lume: '  = 8 . 2  mL
I n c u b a t i o n  t i m e :  15 mi nu t es  a t  100°C
1. Urea s o l u t i o n :  8 .33 x 10“ ^ M*
trnax 268; 226
2.  Urea s o l u t i o n :  16.6 x 10~^ M '
%max ^max
3.  Reagent  b la n k
i, ■
X _ ,v  i d e n t i c a l  w i t h  #1 and # 2iïJa A
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t o  d i a c e t y l  a t  228 nm and TSC a t  237 nm were absen t  s i n c e  
t he  . reagen t s  were cl îose to  s t ^ o j x j i j o m e t r i c  p r o p o r t i o n s .
In o r d e r  t o  p r ove  the  t / e l a t i o n s h i p  o f  t h e  u l t r a -  * 
v i o l e t  s p e c t r a l  da ta  to  the  open c h a 1 % s t r u c t u r e  o f  the  
chrdmogen,  a compound, 2 , 3 - b ^ t a n e d t o n e o x i m e t h i o s è m i c a r -  
bazone (DAMTSCO) was s e l e c t e d  as a s u b s t i t u t e  f o r  .the 
c o l o r  r e a g e n t  f rom t h e  p r e v i o u s  ^Exper iments  (DAM + TSC).  
In the  f i r s t  e x p e r i m e n t  a 1 .35 x l O ' ^M c o n c e n t r a t i o n  o f  
t he  above compound was u s e d* i n  c o n c e n t r a t e d  H C l . '  Th i s  
s t o c k  s o l u t i o n  was y e l l o w  to  s t a r t  w i t h  and t u r n e d  orange 
on s t a n d i n g  a t  room t e m p e r a t u r e  d u r i n g  the  n ex t  24 h ou rs .
•’ The r e a c t i o n  m i x t u r e  o b t a i n e d ,  by use o f  DAMTSCO w i t h  
u r e a ,  was green to  g r e e n - o r a n g e .  (See Scheme 12} . .  I t
V • L
was c l e a r  f rom t h i s '  e x pe r i m e n t  t h a t  the  c o n c e n t r a t i o n  o f  
t he  s t o c k  s o l u t i o n  had to  be c u t  down.
CH. S CH_ S
I  ^ II ■ 1 II
C=N-NH-C-NH, HCl + \  . t=N-NH-C-NH?
' * I NH. -C-NH,   ^ I ^
C = NOH • (I ^ C=N-C-NH,
I 0 I ' II 2
CH3 '  CH3L 0
SCHEME' 12
A second e x p e r i m e n t  c o n s i s t e d  o f  a 1 /10  d i l u t i o n  o f  
t he  s t o c k  r e a ge n t  ( i ^.e^. , conc.  = 1.35 x 10“ ^M).  The
c o l o r  produced by t h i s  r e a ge n t  w i t h  urea ranged f rom 
p a l e - g r e e n  t o  p u r p l e .  The s o l u t i o n s  changed t h e i r  c o l o r  
t o  p a l e - y e l l o w  t o  p i n k - r e d  on s t a n d i n g  a t  room t emper a­
t u r e  f o r  24 hour s .
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Th i s  o b s e r v a t i o n  i n d i c a t e d  t h a t  t h e  g e n e r a t i o n  o f  
a n d / o r  d e s t r u c t i o n  o f  h y d r o x y l  amine may-be s l ow arid cou ld  
be r e s p o n s i b l e  f o r  t h e se  changes.  However,  t he  v i s i b l e  
spec t r um ( F i g u r e  5)  showed t h a t  the  o f  bo th  the p i nk
and t h e  p u r p l e  s o l u t i o n  was 525 nm. The o n l y  p a r t  o f  
t he  spec t rum t h a t  changed d u r i n g  the  2 4 - h o u r  i n t e r v a l  
was t h e  y e l l o w  p o r t i o n  . X = 400 nm - 425 nm).  The
f i n a l  p i n k  c o l o r  was i d e n t i c a l  to  the  p i n k  c o l o r  p r o ­
duced by the HgSO^-HgPO^ and HCl r e a c t i o n s .  I t  i s  
p o s s i b l e  t h a t  the  green c o l o r  c o u l d  be e l i m i n a t e d ,  i f  
t he  r e a c t i o n  was c a r r i e d  o u t  a t  1 / 1 0 0  d i l u t i o n  o f  the  
s t o c k  and i f  the  a c i d i t y  o f  t he  s o l u t i o n  was reduced 
( d i > .  HCl i n s t e a d  o f  conc .  H C l ) .  However ,  t h i s  would 
produce a decrease i n  c o l o r  due t o  r e d u c t i o n  i n  a c i d i t y .
A s i m i l a r  y e l l o w - g r e e n i s h  c o l o r  was produced when one 
i n c u b a t e d  the  c o l o r -  r e a g e n t  (DAM + TSC) i n  50% HCl f o r  
15 m i nu tes  a t  100°C.  An a d d i t i o n a l  o b s e r v a t i o n  was t h a t  
t he  r e s u l t i n g  p i n k  c o l o r  o f  the  r e a c t i o n  o f  u r e a - d i a c e t y l - 
monoxime w i t h  t h i o s e m i c a r b a z i d e  i n  2 0 %. HgSO^ s l o w l y  de­
c reased  a t  room t e m p e r a t u r e  and e v e n t u a l l y  t u r n e d  o range-  
y e l l o w  w i t h i n  the  n e x t  48 h o u r s ,  w i t h  t he  f o r m a t i o n  o f  a 
m in u t e  amount o f  a w h i t e  p r e c i p i t a t e .  The amount o f  p r e ­
c i p i t a t e  formed was too  sma l l  f o r  c h a r a c t e r i z a t i o n .  The 
Xmax shown i n  the  u l t r a v i o l e t  spec t rum had s h i f t e d  to 
292 nm and 260 nm, w h i l e  t he  v i s i b l e  a b s o r p t i o h  had 
s h i f t e d  t o  457 nm and 433 nm (h yp soc hr omi c  s h i f t ) .
. " A s o l u t i o n  o f  h y d r o x y l  amine HCl was measured i n  HCl
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FIGURE 5
Ià VISIBLE SPECTRUM OF 2 ,3-BÜTANEDIONEOXIMETHIOSEMICARBAZONE
WITH UREA IN 50%-HCl
Legend
Conc. DAMTSCO: 2 .02  x 10"^ M
Urea:  8 . 3 3  x 10"^  M
T o t a l  r e a c t i o n  vo lume:  .8.02 mL
I n c u b a t i o n  t i m e :  15 mi nu t es  a t  100“ C 
’■max n™; £ = 2 X lo'^ j
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and a a t  202 nm was found  t o  be p r e s e n t .  A s i m i l a r
peak^ a t  198 nm was found w i t h  t he  DAMTSCO r e a c t i o n  w i t h  
urea ( F i g u r e  6 "). The u l t r a v i o l e t  spec t rum shows two 
sharp peaks a t  272 nm and 235 nm wh i ch  are  s i m i l a r  to  
those  o f  t he  o t h e r  d i a c e t y l m o n o x i m e - u r e a  r e a c t i o n  m i x t u r e  
w i t h  t h i o s e m i c a r b a z i d e .  The absence o f  a peak a t  225 nm . 
i s  due t o  t he  o mi ss i on  o f  d i k e t o n e  f rom t h e  r e a c t i o n
-v''
m i x t u r e .
X
The peak a t  235 nm i n d i c a t e d  t he  presence o f  t h e '  
t h i o s e m i c a r b a z i d e  t ype  s t r u c t u r e  i n  the  r e a c t i o n  m i x t u r e  
( 2 .02  x l O ' ^ M  DAMTSCO; urea = 8 .33  x l O ' ^ M ) .  The
ma X
■* a t  258 nm and 272 nm which were p r e s e n t  i n  the r e a c t i o n s  
o f  DAM + TSC and DAMTSCO i n d i c a t e d  the  e x i s t e n c e  o f  t he  
p i n k  chromogen.
Severa l  a t t e m p t s  were made t o  s y n t h e s i z e  o r  i s o l a t e  
the  chromogen f rom e i t h e r  d i l u t e  r e a c t i o n  m i x t u r e s
( c l i n i c a l  c o n d i t i o n  o f  BUN r e a c t i o n )  o r  c o n c e n t r a t e d  ^ -----^
r e a c t i o n  s o l u t i o n s  ( s t o i c h i o m e t r i c  r a t i o  o f  urea t o  the  
c o l o r  r e a g e n t s ) .  In the  f i r s t  i n s t a n c e  the  d i l u t e  r e a c t i o n  
m i x t u r e  was e x t r a c t e d  w i t h  h - b u t a n o l  . The red e x t r a c t  
was c o n c e n t r a t e d  by means o f  vacuum d i s t i l l a t i o n  and the  
d i s t i l l a t e  s o l i d i f i e d  by t r e a t m e n t  w i t h  a 1 : 1  e t h y l a c e t a t e -  
■ acetone m i x t u r e .  A b l u e - b l a c k  s o l i d  was o b t a i n e d .  When 
t h i s  m a t e r i a l  was d i s s o l v e d  i n  a s o l u t i o n  o f  HCl a y e l l o w -  
p i n k  c o l o r e d  s o l u t i o n  r e s u l t e d ,  wh i ch  c o u ld  i n d i c a t e  t h a t  
the  chromogen m i gh t  have decomposed d u r i n g  the  i s o l a t i o n  
p r o c e d u r e .  The second a t t e m p t  t o  o b t a i n  the  chromogen
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FIGURE 6 * •
ULTRAVIOLET SPECTRA OF 2 ,3-BUTANEDIONEOXIME-
THIOSEMICARBAZONE WITH UREA IN HCl
!
Legend
Conc. DAMTSCO: 2 .02 x 10"^  M
Urea:  8 .33 x 10 ^ M
T o t a l  r e a c t i o n  vo lume:  8 .02  mL
I n c u b a t i o n  t i m e :  15 m i nu t es  a t  100°C 
D i l u t i o n  1/100 f o r  u l t r a v i o l e t  > 
measurement  
1 . Pu rp le  s o l u t i o n
268 nm; 235 nm; 'S7 nm
2. P i nk  s o l u t i o n
(#1 s o l u t i o n  measured a ga i n  a f t e r  24 h ours )
*  ^max 268 nm; 237 nm; X ^ , ,  198 nm V
3. Non i ncuba ted  DAMTSCO
\ . a x  297 ^ „ x  237 nm; A^ax " 7  nm
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r e s u l t e d  In  t r e a t m e n t  o f  2 x l O ’ ^M-urea w i t h  1 x 10~^M
%
o f  DAM and TSC, r e s p e c t i v e l y .  O n .h e a t i n g  t h i s  m i x t u r e  ' 
on a steam ba th  f o r  s e v e r a l  m i n u t e s ,  f o l l o w e d  by tive 
a d d i t i o n  o f  c o n c e n t r a t e d  HCl ,  a r e d - b l u e  c o n c e n t r a t e  was
o b t a i n e d .  On chang ing the  m o l a r  r a t i o  o f  urea f rom 2 x
2 3 " 4.
10” M to  4 x 10“  M i n  an aqueous HCl medium, a m i nu te
amount o f  b lu e  c r y s t a l s  was found  suspended i n  the  
r e a c t i o n  m i x t u r e ,  the amount o f  p r e c i p i t a t e  be ing  too  
s m a l l ' t o  a l l o w  i t s  c h a r a c t e r i z a t i o n .
A t h i r d  a t t e m p t  was c a r r i e d  o u t  by p e r f o r m i n g  the  
r e a c t i o n  i n  a c e t ' o n i t r i  1 e ( w i t h  a few mL o f  conc .  HCl ) .
On h e a t i n g ,  a s i m i l a r  r e d - b l u e  c o n c e n t r a t e  was o b t a i n e d  
w i t h ' s e v e r a l  c r y s t a l s  suspended i n  t he  c o n c e n t r a t e .  A '' 
f r e e z e - d r y i n g  process  was a p p l i e d  to  t h i s  c o n c e n t r a t e  i n  
o r d e r  t o  c r y s t a l l i z e  t he  p r o d u c t .  Th i s  p rocess  was un­
s u c c e s s f u l  i n  y i e l d i n g  a c r y s t a l l i n e  p r o d u c t  f o r  c h a r a c ­
t e r i s a t i o n .
In o r d e r  t o  prove t h a t  t h e  same r e a c t i o n  p r o d u c t  i s  
formed when urea r e a c t s  w i t h  DAMTSCO o r  DAM + TSC,
1 X 10” ^M DAMT^CO was t r e a t e d  w i t h  2 x lO' ^M urea i n  a 
s o l u t i o n  o f  a c e t o n i t r i l e  c o n t a i n i n g  a fe w. ml  o f  c oncen­
t r a t e d  HCl .  A p u r p l e - b l u e  c o l o r e d  c o n c e n t r a t e  was ob ­
t a i n e d  w i t h i n  a few mi nu t es  w i t h  the  f o r m a t i o n  o f  a b l ue  
I
p r e c i p i t a t e .  Th is  p r e c i p i t a t e  was washed w i t h  ace tone 
and v i s i b l e - u l t r a v i o l e t  s p e c t r o p h o t o m e t r i c  s t u d i e s  were 
p e r f o r m e d .  The v i s i b l e  s p e c t r a  o f  t hese  c o n c e n t r a t e s  
aTe shown i n  F i g u r e  7.
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* .V FIGURE 7
VISIBLE SPECTRA OF CONCENTRATE OBTAINED' FROM THE REACTION 
. OF UREA IN ACETONITRILE AND CONCENTRATED HCT
Legend
1. '2', 3 -Butaned i onemonoo ' x i n ie th i osemicarbazone
Sample vo lume:  20 pL d i l u t e d  to. 100 mL w i t h
50% HCl
P i nk  s o l u t i o n :  _ 525 nm ( 0 . 08 )
C o n c e n t r a t i o n :  1 x 10” ^ mole DAMTSCO ( 0 .174  g)
2 X 10” ^ mole urea ( 0 .120  g )
T o t a l  c o n c e n t r a t e  vo lume:  = 1 .5  -  2 mL
2. DAM-TSC
Sample vo lume:  20 i iL d i l u t e d  to  100 mL w i t h  
«
50%.HCl
P i nk  s o l u t i o n :  ’525 nm (0 .0 7)
C o n c e n t r a t i o n :  1 x 10"^  mole DAM (0.01 g )
1 X 10” ^ mol'e TSC (0 .097  g) '
2 X 10” ^ mole urea ( 0 , 12 0  g)
T o t a l  c o n c e n t r a t e  vo lume:  = 1 .5  -  2 mL *
3.  1 mg o f  b l u e  p r e c i p i t a t e  d i s s o l v e d  i n  50% HCl
■and d i l u t e d  t o  100 mL ( p r e c i p i t a t e  o b t a i n e d  
_ 2
when 4 x 1 0 '  mole urea was used) .
Heat was used t o  d i s s o l v e  most  o f  t he  p r e c i p i t a t e .
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Both the  DAM + TSC as w e l l  as t h e  DAMTSCO gave i d e n ­
t i c a l  s p e c t r a  and absorbance i n t e n s î t î . e s  ( 0 .0 8  compared- ^
t o  0 .07 A ) .  The b lu e  p r e c i p i t a t e  o b t a i n e d  f rom t he  DAM ^
+ urea + TSC had a o f  532 nm whi ch  i s  v e r y  c l o s e
t o  Xm.w'Of  525 nm o f  t h / r e a c t i o n  c o n c e n t r a t e s .  Sincema A
o n l y  a few m i l l i g r a m s  o f  t he  b l u e  p r e c i p i t a t e  was a t  our
V
d i s p o s a l ,  a d i l u , t e  s o l u t i o n  was made f o r  t h i s  s p e c t r a l  ^
— fis t u d y  (i_.e_., 4 .97  x 10"  M assuming t h a t  t he  s t r u c t u r e  o f
t he  chromogen was 2 , 3 - b u t a n e d i o n e m o n o t h i o s e m i c a r b a z o n e -
monoyre i de  mol .  w t .  = 201). '
The u l t r a v i o l e t  s pe c t r a  o f  the  above c o n c e n t r a t e s
are shown i n  F i g u r e  8.  Both c o n c e n t r a t e s  have i d e n t i c a l
^max nm and 1 9 9 , nm, r e s p e c t i v e l y .  The m o l a r  ab-
$
s o r b t i v i t i e s  were a l s o  s i m i l a r ,  i n d i c a t i n g  the  f o r m a t i o n
o f  t he  same subs tance  as the  p i n k  chromogen.  The b lue’
p r e c i p i t a t e  d emon s t ra ted  a s i m i l a r  t o  t he  above.• max " /
The p r o d u c t  o b t a i n e d  f rom the  n - b u t a n o l  e x t r a c t ,  howeve^r, 
does no t  g i v e  a o f  245 nm (262 1Tm: b a th och r om ic
i ><■
s h i f t ) .  Th i s  c o u l d  be dye t 0 ‘ t h e  p resence o f  v a r i o u s  
i m p u r i t i e s  ( o t h e r  chromogens formed between DAM t, TSC),  _  
o r  p a r t i a l  d e c o m p o s i t i o n  o f  the  chromogeng.as .^mentioned
a  *
p r e v i o u s l y .  . "  -
' ' ' s ' .
From t he  above d a t a ,  one can summar ize t h a t  when 
w or k in g  a t  a s t o i c h i b m e t f i c  r a t i o  o f  t h e  c o l o r  r ea ge n t  
î(DAM + TSC) "and excess o f  u r e a ,  t h e  absorbance maxima 
a t  237 and 226 nm d i s a p p e a r ,  as p r e d i c t e d .  The new 
^tmx f o r d e d  being^due.  t o  t h e - ^ i n k  chromogen a b s o r b i ng  
■ . ' ' ' . '
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FIGURE 8
ULTRAVIOLET SPECTRA OF CONCENTRATE OBTAINED FROM THE 
REACTION OF UREA IN ACETONITRILE A.ND CONCENTRATED HCl
Legend
 ^ 1.  2 ,3 -Bu ta ned i onémonoox i me th1osemi ca r bazone
Sample vo lume:  20 pL o f ^ c o n c e n t r a t e  d i l u t e d
t o  100 mL w i t h  50% HCl .  F u r t h e r  
d i l u t i o n  o f  1 /10  o f  the  above 
^ w i t h  d i s t i l l e d  HgO was used.
2> DAM + TSC
Sample Volume:  20 pL o f  c o n c e n t r a t e d  d i l u t e d
t o  100 mL w i t h  50% HCl .  F u r t h e r  
✓ d i l u t i o n  o f  1 /10  o f  t he  above 
w i t h  d i s t i l l e d  H2 O was used.
3. 1 mg o f  b l u e  p r e c i p i t a t e  d i s s o l v e d  and d i l u t e d
t o  100 mL w i t h  50% H C l , ( s e e  Legend f o r  F i g u r e  7 ) .
4.  B l u e - b l a c k  c r y s t a l s  o b t a i n e d  f rom b u t a n o l  e x t r a c t  
o f  DAM + U + TSC r e a c t i o n .  A few c r y s t a l s  were 
d i s s o l v e d  i n  50% HCl .  An o r a n g e - p i n k i s h  s o l u t i o n  
was o b t a i n e d  whose s p e c t r a  i s  shown h er e .
/
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a t  245 nm tn  c o n c e n t r a t e d  s o l u t i o n s  (1_.e_., s t o i c h i o m e t r i c  
r a t i o )  and 268 nm i n  d i l u t e  s o l u t i o n s  , c l i n i c a l
a n a l y t i c a l  c o n d i t i o n s ) .  That  t he  chromogen p o s s i b l y  had 
a s t r u c t u r e  s i m i l a r  t o  DAMTSCO (open c h a i n ) ,  and t h a t  
t h e r e  i s  a s t r o n g  p o s s i b i l i t y  t h a t  t he  compound Respon­
s i b l e  f o r  the  p i n k  c o l o r  1s 2 ,3 -but aned1onemonot lh1osemi -  
caTbazol i emondure ide can no t  be r u l e d  o u t .  The c o l o r  i n ­
t e n s i t y  o f  the  r e a c t i o n  m i x t u r e  depends on the  a c i d i t y
.
o f  the  medium, t e m p e r a t u r e ,  t i me  and the  c o n c e n t r a t i o n
o f  the  urea i n  t he  r e a c t i o n  m i x t u r e .  Other  y e l l o w  c h r o -i
mogens a re  a l s o  formed depending on the  s t o i c h i o m e t r i c  
r a t i o s  o f  the  r e a g en t s  employed.
A l l  o f  the  p r o d u c t s  formed i n  t he  u r e a - d i a c e t y l -  
monoxime r e a c t i o n  w i t h  t h i o s e m i c a r b a z i d e  i n  50% HCl had 
no t  been i s o l a t e d  and f u l l y  e l u c i d a t e d .  However,  t h e r e  
i s  s u f f i c i e n t  e v i dence  t h a t - u r e a  does condense w i t h  
d i a c e t y l  t o  fo rm an adduc t  as shown by Lugosi  ^  aj_. 
(20 )and  i n  CHAPTER I .  The i s o l a t e d  a n d / o r  s y n t h e s i z e d  
adduc t  o f  DAM and the  p r o tochromogen and DAMTSCO
r e a c t i o n  p r o d u c t ,  a l l  show s i m i l a r  open c ha in  s t r u c t u r e  
as I n d i c a t e d  i n  Tab le  VI by t h e i r  c h a r a c t e r i s t i c  i n f r a r e d  
bands.  The m o l e c u l a r  w e i g h t s  were d e t e r m i ne d  by f i e l d  * 
d e s o r p t i o n  mass s p e c t r o m e t r y  and a re  r e p o r t e d ^ i n  Tab le  
V I I .  When DAMTSCO i s  a l l o w e d  t o  . reac t  w i t h  urea under  
the  c o n d i t i o n  o f  a n a l y s i s ,  a p i n k  c o l o r  i s  d e v e l o p ed ,  . 
s u g g e s t i n g . t h a t  i t  i s  the DAMTSCO d e r i v a t i v e  ( m o n o t h i o -
« 4
ca rb az o ne mo no u re id e ) which i s  formed i n  the  r e a c t i o n .
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Th i s  a ddu c t  would then have a c o n j u g a t e d  system wh i ch  
s hou l d  a cc oun t  f o r  the  b a t h o c h r o m i c  s h i f t  f rom 4 8 0 ^ m
t o  525 nm.
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b .  CONCLUSIONS
The f u n c t i o n  o f  t h i o s e m i c a r b a z i d e  i n  t h e - u r e a -  
d i a c e t y l  r e a c t i o n  was i n v e s t i g a t e d .  A d d i t i o n  o f  t h i o ­
s e m i c a r b a z i d e  produced a b a t h o c h r o m i c  s h i f t  w i t h  a hyper-  
ch romi c  e f f e c t .
To prove  t h a t  t h i o s e m i c a r b a z i d e  i s  i n v o l v e d  i n  the  
c on d e n s a t i o n  r e a c t i o n  t o  y i e l d  an open c ha in  p r o t o c h r o m o ­
gen,  the  r e a c t i o n s  i n  Scheme 13 were c a r r i e d  o u t .
CHCH
C=0 ON-NH-C-NH
C=NOH C=0
CH
:NHo-NH-C-NH CH
C=N-NH-C-NH-
C=N-NH-C-NH
CH
S1
C=N-C-NH.
C=N-C-NH, ^ 
I M , 2 '
CH, 0 IV
C=N-NH-C-NH,
I
C—N-C-NHrt
I II ^ 
0 H3 0
SCHEME 13
I I I
P r o duc t s  I and I I  were i s o l a t e d .  When d i s s o l v e d  i n  
c o n c e n t r a t e d  HCl ,  t h e y  produced an o r a n g e - p i n k  c o l o r .
^  , /
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P ro duc t  IV was presumed t o  be f o r me d .  I t  was n o t  s e r r ­
a te d  as I t  was i d e n t i f i e d  i n  a p r e v i o u s  s t u d y .  P r od uc t  
I I I  was most  p r o b a b l y  p r e s e n t  i n  t he  i s o l a t e d  m i x t u r e .  , 
Due to  a very l i m i t e d  q u a n t i t y  o f  t h e  i s o l a t e d  b lue  
m a t e r i a l ,  f u r t h e r  work  on p u r i f i c a t i o n  was no t  p o s s i b l e .  
T h e r e f o r e ,  s p e c t r o s c o p i c  data was c o l l e c t e d  on t h e  con-  
c e n t r a t e  and e x t r a c t s  o f  the  r e a c t i o n  m i x t u r e .  The c o l o r  
r e ag en t  was s u b s t i t u t e d  w i t h  2 , 3 - b u t a n e d i o n e o x i m e t h i o -  
semicarbazone .  The proposed c o n d e n s a t i o n  p r o d u c t s  formed 
are  shown'^’ i n  Scheme 14 (compare t o  p r o d u c t s  i n  Scheme 1 3 ) .
CH. S CH. S
t  ^ It .  1 3 II
C=N-NH-C-NH. a . ON-NH-C-NH.
1 ^ :NH.-C-NH.  ( >
C=NOH ‘^11 C=N-NH-C-NH,
I , 0 . I U \
CH3 Xv'  CH. S )  I I
I I I  Could n o t  i s o l a t e  i n  
pure c r y s t a l l i n e  form
1
>  SCHEME 14
Pr oduc t  I I  was i d e n t i f i e d  once a g a i n .  The r e m a i n ­
i n g  r e a c t i o n  m i x t u r e  gave p i n k  c o l o r .  The s p e c t r o s c o p i c  
da ta  on t h e  r e a c t i o n  c o n c e n t r a t e  o r  e x t r a c t  gave a 
v i s i b l e  spec t rum i d e n t i c a l  t o  I (Scheme 13 ) .  The u l t r a ­
v i o l e t  s t u d y  c o n f i r m e d  t he  a b s o r p t i o n  maxima t o  be s i m ­
i l a r .  T h e r e f o r e ,  t he  p r oposa l  showing t h e  i n v o l v e m e n t  
o f  t h i o s e m i c a r b a z i d e  i n  the  c o n d e n s a t i o n  r e a c t i o n  on a 
1:1 r a t i o  w i t h  t he  d i k e t o n e  was s u b s t a n t i a t e d .  The ob­
s e r v a t i o n  o f  the  presence o f  more than one chromogenic
i
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compound was proved t o  be t r u e ,  and depended on the  r e a e -  
t l o n  c o n d i t i o n s  and t he  amount o f  r e a c t a n t s .
The u l t r a v i o l e t  s p e c t r a  o f  r e a c t i o n s  ( a )  u r e a -% I
d i a c e t y l m o n o x i m e t h i o s e m i c a r b a z o n e  and ( b )  urea-1-pheny jR-
1 , 2 - p r o p a n a d i o n e m o n o x i m e - t h i o s e m i c a r b a z i d e  gave s p e c - v  
t r a  c o n t a i n i n g  an a b s o r p t i o n  maximum a t . 237 nm " c o r r e s p o n d ­
i ng  t o  t h i o s e m i c a r b a z o n e  m o i e t y  i n  both  o f  the  p r o t o ^  
chromogens,  i n d i c a t i n g  the  presence o f  a s i m i l a r  chrom­
o g e n i c  r e a c t i o n  i n  bo th  cases .  The u l t r a v i o l e t  spect rum 
o f  3 a - m e t h y l - 6 a - p h e n y l g l y c o l u r i 1 on the  o t h e r  hand con­
t a i n s  the  a b s o r p t i o n  peak a t  230 nm, r e p r e s e n t i n g  the  
presence of .  t he  d i k e t o n e  m o i e t y  i n  the  m o l e c u l e .  (See 
' F i g ' u r W y , A. B. and C . )
A l l  these data  s ug ge s t  t he  f o r m a t i o n ,  o f  an u r e i d e   ^
as a p ro tochromogen i n  the  urea d i a c e t y l  + t h i o s e m i c a r ­
b az id e  i n  t f ie r e a c t i o n  t o  fo rm the  open c h a in  m o no t h i o -  
semicarbazone w i t h  d i a c e t y l .  The presence  o f  o t h e r  
p ro tochromogens was a l s o  i n d i c a t e d .
\
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FIGURE 9 
COMPARATIVE ULTRAVIOLET SPECTRA
*
Legend
A. The u l t r a v i o l e t  s pec t r um o f  the  3 a - m e f h y l -  
6 à - p h e n y l g l y c o l u r i 1 i n  HCl ( p i n k  c o l o r e d  
s o l u t i o n )
B. The u l t r a v i o l e t  spec t rum o f  2 , 3 - b u t a n e d i o n e -  
mo nox i me th iosemi car bazone  r e a c t i o n  w. i th ufea 
i n  HCl ( p i n k  c o l o r e d  s o l u t i o n )
C. The u l t r a v i o l e t  spec t rum o f  1 - p h e n y l - 1 , 2 -  
propanedionemonoxime r e a c t i o n  w i t h  urea and
> t h i o s e m i c a r b a z i d e  i n  HCl ( p i n k  c o l o r e d  
s o l u t i o n )
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CHAPTER. I l l
'
INVESTIGATION ;0F THE RÈAÇTION •INTERMEDIATECS) OF
OTHER DIKETONES AND THEIR OXIMES WITH UREA Z?
A. INTRODUCTION
The c a r b a i t i i d o d i a c e t y l  method o f  Fearon ( 8 )  has been • 
m o d i f i e d  by s u b s t i t u t i o n  o f  d i a c e t y l  by 1 - p h e n y l ? 1 , 2-  
p ropaned i one  o r  i t s  oxime and by 2 , 3 - p e n t a n e d i o n e .
M u l l e r ,  A r c h i b a l d  and o t h e r s  (66 -  69} have used 1 - p h e n y l -
1 , 2 - p r o p a n e d i o n e  o r  i t s  oxime i n  a HgSO^-HgPO^ medium 
t o  d e te r m i n e  u r ^ ^  n i t r , & g ^ n .  The s o l u b i l i t y  o f  the  monox-"" 
ime was found t o  be q u i t e ^ l o w  i n  w a t e r ,  and t h e r e f o r e ,  
Murayama, A r c h i b a l d . a n d  Timmermans (67 - 71)  have used
a l c o h o l  as a - s o l v e n t .
*
Dickenman and Zak (15)  d e s c r i b e d  t he  use o f  the  
1- p h e n y l - 1 , 2 - p r o p a n e d i o n e  i n  p h o s p h o r i c  a c i d  i n s t e a d  o f  
i t s  monoxime.  Ve l ay  (72 )  has used d io x i m e  and has mod­
i f i e d  the  A r c h i b a l d  p r o c e d u r e ,  w h i l e  S i e s t  ( 1 8 ,  73,  74) 
has s u b s t i t u t e d  HgAsO^-HgPO^ as h.is a c i d  medium.
Timmermans (71 )  s u b s t i t u t e d  HCl as the  a c i d  medium f o r
0
h i s  r e a c t i o n .  T h e r e f o r e ,  the  m o d i f i c a t i o n  i’n the  d e t e r ­
m i n a t i o n  o f  urea n i t r o g e n  w i t h  1 - p h e n y l -1 , 2 - p r o p a n e d i o n e  
i n v o l v e s  a change i n  t he  a c i d  medium, s e l e c t i o n  o f  a 
s o l v e n t  f o r  PPDMO, and a d d i t i o n  o f  o x i d a n t s  o r  c o l o r  
i n t e n s i f i e r s  t o  t h e  r e a c t i o n  m i x t u r e .
The f i n a l  c o l o r  o f  the  1- p h e n y l - 1 , 2 - p r o p a n e d i o n e  - 
i n  an a c i d - c a t a l y s e d  r e a c t i o n  w i t h  urea a t  95°C was r e d -
j 78 • ■ .
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p u r p l e ,  p o ss ess in g  a n ; a b s o r t r a n ç i  màx1|iiüni a t  540 nm./
S i e s t  (4 8) has s h o w n / t h a t  wheir pJiènazone was .added to ,  
the  r e a c t i o n a  y e l l o w - o i H t f l ^  c o l o r  w i t h  a 
was o b t a i n e d .  T h i o s e m i c a r b a z i d e  produced a b l i i e - p u r p l e  
c o l o r  w i t h  a X^ax ^60 nm.  ^ |
• A r c h i b a l d  and M u l l e r  ( 6 7 ,  68)  has p o i n t e d  o u t  the  
advantages o f  .the use o f  1- p h e n y l -1 ,2 -propahèd ionemonox i me 
o v e r  d i a c e t y l m o n o x i m e  o r  i t s  d1ketone  t o  be t h a t  the
; '  /  - I  .
r e a g e n t  was l e s s  v o l a t i l e ,  A red c o l o r  was o b t a i n e d  i n ­
s tead  o f  y e l l o w ,  and the  r e a g e n t  was les-s s e n ^ T f l v e  t o  
c i t r ' u l l i n e  and o t h e r  u r e a ' d e r i v a t i v e s .  "
The mechanism o f  the.  r e a c t i o n  i n v o l v e d  i n  t he  f o r -
ma t i on  o f  t h e  red c o l o r  seemed t o  be i d e n t i c a l  to  t h a t  
■ ^ . - ,
o f  the. d i a c e t y l m q g p x i m e  r e a c t i o n .  The f i r s t  s t e p ' b e i n g  
the  r e l e a s e  o f  h y d r o x y l  amine f rom the  monoxime by the  
a c i d  medium, and t he  second s t e p ' - t h a t  o f  t he  co nde nsa ­
t i o n  o f  the  p r p t o r i a t e d  d i k e t o n e  w i t h . u r e a  to  fo rm the  
- colored.vChrOmOphpre-' . S i eS t  (18)  o b t a i n e d  i d e n t i c a l  
s p e c t r a  ü f t h ' b é t h  thd  mçyioxime and t he  d i k e t o n e , ,  sugges-
t i n g  p o s s i b l y  the  s low r e l i s e  and d e s t r u c t i o n  o f  h y d r o x -
'  '  ' .  ;
y l am fp e  f rom t h e  monoxime. ;T^e usual  i n c u b a t i o n  t i me
was 60 m i n u t e s ,  however ' ,  1 0 . -  30 m inu tes  c o u l d  have been
used w i t h  a .decrease i j f  c o l o r  d eve l opmen t .  Th i s  l o s s  i n
i n t e n s i t y  c o u ld  be used t o . a n . a d v a n t a g e , i f  i n t e r f e r e n c e
f rom o t h e r  r e a c t i n g  subs tances  s t i l l  i n  t he  l a g  phases
cou ld  be reduced o.r kep t  t o  a minimum.
De Nieves'  and Pike (75)  m o d i f i e d  A r c h i b a l d ' s  (67)
/  '
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method and adapted  I t k  t o  an u l t r a m i c r o  p r o c ed u r e  f o r  t he  
d e t e r m i n a t i o n  o f  urea n i t r o g e n  i n  b lo od  s e r u m . '  T h e i r  
c a l i b r a t i o n  cu rves  w i t h  urea s t a n da r ds  i n d i c a t e  t h a t  
o p t i c a l  d e n s i t y  was p r o p o r t i o n a l  t ^ c o n  c e n t  r a t i  on be­
tween 100 -  400 ug urea n i t r o g e n / m l .  Above 400 yg urea 
n i t r o g e n / m L , * a  d e v i a t i o n  f rom B e e r ' s  law was r e p o r t e d  
(67 ,  68,  76 ) 7  .
The purpose o f  t h i s  s t u d y  was t o  i s o l a t e  the  i n t e r -  
m e d i a t e ( s )  o f  t he  1 - p h e n y l - 1 , 2 - p r o p a n e d i o n e  and 2 , 3 -  
p en t ahed i one  w i t h  urea i n  p resence and absence o f  t h i o ­
s e m i c a r b a z i d e .  The use o f  ' S , 3 - p en ta n ed i on e  as a new 
r e a g e n t  f o r  t he  d e te r mi n ’a t i ot o f  urea was d e t e r m i n e d .  
S y n t h e s i s  o f  t h e  c o r r e s p o n d i n g  d i u r e i d e s  o f  t hese  two 
d i k e t o n e s  v i a  an a c i d - c a t a l y z e d  r e a c t i o n  was c a r r i e d  o u t .  
S p e c t r o s c o p i c  da ta  on t he  s y n t h e s i z e d  d i u r e i d e  was com­
p ar ed .  3 a , 6 a - P h e n y l m e t h y l g l y c o l u r i 1 was s y n t h e s i z e d  v i a  
a b a s e - c a t a l y z e d  r e a c t i o n  and i t s  c h a r a c t e r i s t i c  spect rum 
was compared w i t h  t h a t  o f  i t s  c o r r e s p o n d i n g  d i u r e i d e .
\
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B. EXPERIMENTAL
1.  APPARATUS
The s p e c t r a l  s t u d i e s  were c a r r i e d  o u t  on the  e q u i p ­
ment d e s c r i b e d  i n  CHAPTER I ,  S e c t i o n  B 1.  The procedures  
f o r  h a n d l i n g  and p r e p a r a t i o n  o f  this samples were i d e n ­
t i c a l .  Thee lementa l  a n a l y s i s  were p er fo r med  by 
M i c r o a n a l y s i s  L a b o r a t o r i e s  L i m i t e d ,  329 S t .  George S t . ,  
T o r o n t o ,  O n t a r i o
2.  REAGENTS
1- P h e n y l - 1 ,2 -p ropaned ionemonox i me and 1 - p h e n y l - 
1 , 2 - p r dp a ne d i o ne  were purchased f rom Eastman Kodak 
Company, R oc he s t e r ,  N.Y.
2 , 3 - Pe n t a n e d i o n e  was o b t a i n e d  f rom Chem. S e r v i c e ,  
West C h e s t e r ,  P.A.  19380.
METHODS .
( à )  S p e c t r a l  Study o f  t h e  l ^ e a t t i o n  o f  1 - P h e n y l - 1 , 2 -
Propanedionemonoxime Reac t ion  w i t h  Urea
The manual  p r o c ed u r e  o f  Bousquet  ejt aj_. (63)  was 
m o d i f i e d .  The c o l o r  r e a g e n t  used was 1- p h e n y l - 1 , 2 - '  
propanedionemonoxime ( 1 .0 3  x 10" M) i n s t e a d  o f  d i a c e t y l - 
monoxime and t h i o s e m i c a r b a z i d e .  The c o n c e n t r a t i o n  o f .  
urea i n  0*02 mL o f  w o r k i n g  s t a n d a r d  s o l u t i o n  was 8 .3  
X 10” M. The r e a c t i o n  was c a r r i e d  o u t  under  s i m i l a r  
c o n d i t i o n s  t o  t h a t  o f  t he  urea n i t r o g e n  p r o c e d u r e .
The a b s o r p t i o n  maxima were found to  be 543 nm and 257 nm.
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Cb) S p e c t r a l  Study o f  t he  R ea c t i on  o f  1 - P h e n y l - 1 / 2 -
Propanedlonemonoxtme and Urea w i t h  Th1osemJcarbaz1de
^  ~ In  t h i s  s t u d y ,  the  c o l o r  r e a g e n t  used'was a m i x t u r e
o f  1 - p h e n / l t1 , 2 -propanedlonemonox ime ( K 0 3  x 10“ ^M)an'd 
t h i  osem1 c a r b a z i d e  ( 3 . 6 8  x 10“  M).  Other  r e a c t i  on 
d i t i o n s  were kep t  i d e n t i c a l  t o  t h a t  o f  Bousquet  e t  al  
( 6 3 ) .  The a b s o r p t i o n  maxima were found t o  be a t  568 nm, 
284 nm and 237..nm. The r e a c t i o n  m i x t u r e s  were d i l u t e d  
1 /20  f o r  u l t r a v i o l e t  s t u d i e s  J n  (a )  and ( b ) .
( c )  S y n t h e s i s  o f  1- P h e n y l -1 , 2 -P r o p . a n e d i o n e d i u r e i d e  
(PPDDU)'
.
^ I n  a r ou nd -bo t tomed  f l a s k ,  equipped w i t h  a r e f l u x  
c o n d e n se r ,  were p laced  16.3 g (O.T mole)  o f  1- p h e n y l - 1 , 2 -  
p ropaned i onemonox ime. To t h i s  were added 1 .2  mL o f  con ­
c e n t r a t e d  HCl t h ro ugh  t he  condenser .  The monox imewas 
d i s s o l v e d  on a steam b a t h .  To the  r e a c t i o n  m i x t u r e  was 
added a s o l u t i o n  *of 15 g ( 0 . 2 5  mole)  o f  urea i n  100 mL 
o f  e t h a n o l .  The s o l u t i o n  was r e f l u x e d  f ^  about  30 
mi nu t es  on a steam b a t h ,  then  a l l o w e d  t o  cool  a t  room 
temperatupB. A pa 1e y e l l o w  c r y s t a l l i n e  p r o d u c t  was
I ' Afo rmed.  ^The c r y s t a l l i n e  p r o d u c t  was s e p ar a te d  by f i l ­
t r a t i o n  and t h e / f i l t r a t e  f u r t h e r  c /oncent ra ted  by s o l v e n t  
» I
e v a p o r a t i o n ,  uf(on—which f u r t h e r  a d d i t i o n a l  c r y s t a l s  were 
obta- fned.  The c r y s t a l l i n e  p r o d u c t  was i n s o l u b l e  i n  
w a t e r .  When d i s s o l v e d  i n  c o n c e n t r a t e d  HCl by a p p l i c a t i o n  
o f  h e a t ,  a p i n k - c o l o r e d  s o l u t i o n  was f o rmed.  The y i e l d  
o b t a i n e d  was about  14 g (=60%).  The m e l t i n g  p o i n t  was 
found  t o  be above 300°C ( d ) .
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A n a l .  C a l ç ,  f o r  C^^H^2^4°2*  C. 5 6 . ' 9 0 i  H. S . ï f f  N, 2 4 . 1 3 .  , 
Found:  C, 5 Ü . 5 9 i  H. 5 . 4 0 ;  N, 2 4 . 0 9 .  -
A b . u f f - c o l o r e d  c r y s t a l i ^ T ^  p r o d u c t ,  f r ^ ^ l t h e  above 
f i l t r a t e ,  was s e p a r a t e d ,  whose m e l t i n g  p o 1 n ( t ^ a s  above 
300^C ( d ) .  . The p r o d u c t  had t he  e l e m e n t a l  a n a l y s i s  c o r ­
r e s p o n d i n g  t o  p h e n y l m e t h y l u r e i d e m o n o x i m e . Th i s  p r o d u c t  
gave p i n k - c o l o r e d  s o l u t i o n  when d i s s o l v e d  i n  h o t  HCl .
Anal  . C a l c ,  f o r  C, 5 8 . 5 4 ;  H, .5.36;■ N, 2 0 . 4 9 ,
Found: C, 5 8 . 1 4 ;  H, 5 . 4 8 ;  N, 2 0 . 4 1 .   ^ '
( d )  S y n t h e s i s  o f  3 a - P h e n t y l - 6 a - M e t h y l g l y c o l u r i 1
The p r o c e d u r e  o f  V a i l  e;t (31)  was employed to  
p r e pa r e  3 a - p h e n y l - 6 a Y ^ ^ t h y l g l y c o l u r i l .  A , m i x t u r e  o f  
1.41 g ( 0 .0 0 9 5  mo le )  1 - p h e n y l - 1 , 2 - p r o p a n e d i o n e , 0 .996  g 
( 0 . 01 66  mo le )  o f  urea and '0 .0178 M KOH i n  40 mL e t h a n o l  
was r e f l u x e d  on a steam ba th  f o r  a b ou t  2 h o u r s .  A b rown-  
c o l o r e d  s o l u t i o n  was o b t a i n e d  w i t h  some brown p r e c i p i t a t e
on f i l t r a t i o n ,  arid upon wash ing  o f  t h e  r e s i d u e  w i t h
« ... 
g l a c i a l  a c e t i c  a c i d  and a c e t o n e ,  a w h i t e - c o l o r e d  p r o d u c t
 ^ "Was o b t a i n e d  (0 .21  g ) .  F u r t h e r  d i l u t i o n  o f  t he  f i j t r a t e
w i t h  w a t e r ,  gave l a r g e  amounts o f  b r o w n i s h  p r o d u c t  wh i ch
was n o t  washed.  The m e l t i n g  p o i n t  o f  the  p r o d u c t  was
Sbove 300°C ( d ) .  The e l e m e n t a l  a n a l y s i s  was p er fo rmed
on t h e  w h i t e  p r o d u c t .
A n a l .  Ca l .  f o r  C. ,^H^2^402- 5 6 . 9 0 ;  H, 5 . 1 7 ;  N, 2 4 . 1 4 .  .
Found:  C, 5 5 . 6 3 ;  H, 5.35 y N , '  2 3 . 3 0 .
\
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(e ) S y n t h e s i s  o f  2 ,3 - Pe n ta n e d 1 o n e d i u r e 1 d e  (PDDU)
In a r ou nd - bo t t om ed  f l a s k *  equ i pped  w i t h  a r e f l u x
condenser  were added 2.5 g ( 0 . 02 5  mo le )  2 , 3 - p en ta ne d | on e
and 4 .5  g (0."075 mo le )  urea i n  5 mL o f  w a t e r  and 20 mL
o f  e t h a n o l .  To t h i s  m i x t u r e  a one mL o f  c o n c e n t r a t e d
HCl wa^. added and t h e  s o l u t i o n  r e f l u x e d  on a steam bath
%
f o r  abou t  20 -  30 m i n u t e s .  The m i x t u r e ' w a s  coo l ed  and 
the  c r y s t a l l i n e  p r o d u c t  f i l t e r e d .  About  1 g o f  a w h i t e  
c r y s t a l l i n e  p r o d u c t  was o b t a i n e d  w i t h  a m e l t i n g  p o i n t  
above 300°C.
A n a l .  C a l c ,  f o r  CyH^gN^Og: C, 4 5 . 6 5 ;  H, 6 . 5 f ;  N, 3 0 . 4 3 .  
Found: C, 4 5 . 5 9 ;  H , ‘ 6 . 9 4 ;  N, 3 0 . 1 1 .  ' /
( f )  S p e c t r a l  S t u d i e s  on 2 , 3 - P e n t a n e d i o n e d i u r e i d e f  (PDDU ) 
2 , 3 - P e n t a n e d i o n e d i u r e i de ( 2 .5  x 10” ^ g ) was d i s -  , 
s o l ve d  i n  10 mL o f  50% HCl.  Th i s  was warmed f o r  15 m i n ­
utes on a t o i l i n g  w a t e r  b a t h .  On c o o l i n g  the  r e a c t i o n  
m i x t u r e ,  a s p e c t r a l  scan o f  the  b l ue  s o l u t i o n  gave a n .  • 
absorbance maxima a t  577 nmu.and 480 nm. A 1:1 d i l u t i o n  
o f  t he  above m i x t u r e  was used f o r  t h e  u l t r a v i o l e t  s p ec ­
t r a l  s t u d y .  The absorbance maxima were found t O j dS e Vt  
304 nm andv212 nm. . /
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I C. RESULTS AND DISCUSSION
A b s o r p t i o n  s p e c t r a  i n  F i g u r e  10 ( c u r v e  #1)  r e p r e ­
s en ts  the  r e a c t i o n  o f  1- p h e n y l - 1 , 2 - p r o p a n e d i o n e m o n o x i m e  
(PPDMO) w i t h  urea i n  50% HCl a t  100°C f o r  15 m i n u t e s ,
. .. . _  C
The c o n c e n t r a t i o n  o f  urea used was 8 .33 x 10” M/0.02 mL, 
w h i l e  t h a t  o f  PPDMO was 4.11 x 10” ^M/4 mL. Excess o f
urea was used i n  o r d e r  t o  f a c i l i t a t e  t he  c o m p l e t i o n  o f
\
the  c o n de ns a t i on  r e a c t i o n .  The mo la r  a b s o r p t i v i t y  was 
c a l c u l a t e d  u s i n g , t h e  c o n c e n t r a t i o n  o f  PPDMO, assuming 
t h a t  the  r e a c t i o n  p r o d u c t  formed was 1 - p h e n y l - 1 , 2 - p r o ­
panedi  o n e d i u r e i d e .  Th i s  would a l so  a l l o w  c a l c u l a t i o n s  
and compar i sons  o f  m o l a r  a b s o r p t i v i t i es when p ropane-  
d i o n e d i u r e i d e  was used i n  HCl t o  produce t h e  red c o l o r .
Curve #2,  i n  F i g u r e  10 r e p r e s e n t s  t h e  r e a c t i o n  o f  
PPDMO w i t h  urea i n  t he  presence o f  t h i o s e m i c a r b a z i d e .
The o b t a i n e d  was 568 nm compared t o  543 nm w i t h o u t
t h i o s e m i c a r b a z i d e . Th i s  i n d i c a t e s  a b a th o c h r o m i c  s h i f t
♦  '
o f  a p p r o x i m a t e l y  24 nm, which i s  s i m i l a r  t o  t h a t  of.  t he  
u r e a - d i a c e t y l m o n o x i m e  r e a c t i o n  w i t h  t h i o s e m i c a r b a z i d e  
(=45 nm). A h y p e r c h r o m i e ' e f f e c t  has been observed i n  
a c i d i c  media i n  t he  v i s i b l e  range by Ueda and Kouno .
( 19 ,  6 6 ) .  From F i g u r e  10 i t  i s  c l e a r  t h a t  a d d i t i o n  o f  
t h i o s e m i c a r b a z i de produ(>es a more i n t e n s e  b lu e  c o l o r  and,  
t h e r e f o r e ,  the  s e n s i t i v i t y  o f  urea d e t e c t i o n  c o u l d  be 
improved by use o f  t h i  osemi c a r b az i  d e . Ve n ia mi n ,  e_t -,
•N,
( 2 7 )  have r e p o r t e d  t h a t  semid i ne  m i gh t  produce a
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% FIGURE 10
VISIBLE SPECTRA OF 1 -PHENYL-1,2-PROPANEDIONEHONOXIME 
REACTION WITH UREA IN 50% HC,1
Legend
T o t a l  . r e a c t i o n  vo lume:  8 .02  mL
1. Represents  t he  r e a c t i o n  w i t h o u t  any
t h i o s e m i c a r b a z i d e .  ' ,
Cone: Urea:  8 .33  x 10"® m o l e / 0 . 0 2  mL
T h i o s e m i c a r b a z i d e :  zero  mole
PPDMO: 4.11 X 10"® m d l e / 4  mL; 1.03 x lO' ^M
U/PPDMO -  2 *02 ;  A = 0 .47
' \  A ■
 ^ ■ = 543 nm; e = 1 .95  x 10 -  — 'nta X
p i n k  c o l o r
2. Represents  t he  r e a c t i o n  w i t h - t h i o s e m i c a r b a z i d e  
Cone: Urea:  8 . 33  x 10"® m o l e / 0 . 2  mL
T h i o s e m i c a r b a z i d e :  1 .38  x'-10~® mole /4  mL
3.45 X 10"3 M 
PPDMO: 4.11 X 10"® m,ole/4mL; 1 .03 x lO' ^M 
U/PPDMO = 2 r 0 ;  "  0 .297 ; A = 0.627
“  568 nm; e = 2 . 30  x 10^max 
b lue  c o l o r
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ba th oc hr omi c  s h i f t  which i s  g r e a t e r  t han t h a t  o f  t h i o -
^ e m i c a r b a z i d e . > "
The same r e a c t i o n  m i x t u r e  was d i l u t e d  1 /20 ( F i g u r e
11,  c ur ve  #1)  and an u l t r a v i o l e t  spe c t ru m was o b t a i n e d ;
^max nm and 199 nm were found t o  be p r e s e n t  f o r
the  r e a c t i o n  m i x t u r e  c o n t a i n i n g  no t h i o s e m i c a r b a z i d e .
Th is  f i n d i n g  c o u ld  be s i m i l a r  i f  u l t r a v i o l e t  data  were
a v a i l a b l e  f o r  t he  u r ea -d i a c e t y l m o n o x ^ m e  r e a c t i o n  i n  the
absence o f  t h i o s e m i c a r b a z i d e .  Curve #2 i l l u s t r a t e s  t h a t
t her e>has  been a ba t ho chr omi c  s h i f t  ( X o f  284 nm f rom ^  max
^max nm) as w e l l  as h y per ch ro mi e  e f f e c t  i n  u l t r a ­
v i o l e t  s ^ c t r u m  on a d d i t i o n  o f  t h i  osemi c a r b a z i d e ,  ^ The 
peak a t  237 nm r e p r e s e n t s  t he  excess o f  the . t h i o ­
s e mi ca r ba z id e  r e a g e n t  i n  the  r e a c t i o n  m i x t u r e  as expected  
(TSC/PPDMO = 3 . 3 5 ) .  An o p p o s i t e  s h i f t  Tn the  u l t r a ­
v i o l e t  s p e c t r a  was observed when w o r k i n g  w i t h  d i l u t e  
s o l u t i o n s  o f  DAM + urea + TSC ( ^n^x nm) compared t o  
the c o n c e n t r a t e d  s o l u t i o n  o f  DAM + urea + TSC (X. 245 ).
Hid X
The b lu e  s h i f t ,  c ou ld  r e s u l t  f rom hydrogen bonding which 
l owers  t he  energy  o f  t he  n - o r b i t a l  ( a t t r i b u t e d  t o  the
N and 5 a to ms ) .  The peak o f  X „ , „  199 -  202 i s  mostrnd X
l i k e l y  due to  h y d r ox y l  amine produced by the  r e a c t i o n .
As i n d i c a t e d  i n  CHAPTER I ,  the  pro tochromogen r e s ­
p o n s i b l e  f o r  c o l o r  i n  the d i a c e t y l m o n o x i m e - u r e a  r e a c t i o n  
was p o s t u l a t e d  to  be d i a c e t y l d i u r e i d e . ^ S i n c e  i t  seemed 
most l i k e l y  t h a t  the  s t r u c t u r e  o f  t he  pro tochromogen 
f o r  the  PPDMOrurea r e a c t i o n  c o u ld  be s i m i l a r ,  an a t t e m p t
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FIGURE 11 - -
ULTRA-VIOLET SPÊCtRA OF 1-PHENYL-1 ,2-PROPANEDIONEMONOXIME 
“ REACTION WITH UREA I N ' 50% HCl
Legend
• 1. Represents  the  r e a c t i o n  w i t h o u t  t h i o s e m i ­
c a r b a z i d e .  '
Cone: Urea:  8 .33 x 10~^M/4 mL
T h i o s e m i c a r b a z i d e :  zero
PPDMO: 4.11 X 10“ ^M/4 mL
D i l u t i o n ' :  1 / 2 0 ;  A= 0 . 1 5 0 ;  0 .89
*max 257 am; c = 1.50 x 10^ ;  199
2. Represents  the  r e a c t i o n  w i t h  t h i o s e m i c a r b a z i d e T  
Cone: Urea: .  8 .33  x 10"^M
T h i o s e m i c a r b a z i d e :  1 .38  x 10"^M
PPDMO: 4.11 X 10“ ^M
X 284 nm; e = 2.97 x 10^ ;  237 nm; 199 nm
n i a X
A = 0 . 2 9 7 ;  0 . 9 3 4 ;  1.14
Y
R a t i o :  PPDMO "  3 . 3 5 ;  ppQMO ^ 2-02
T o t a l  r e a c t i o n  volume:  8 .02  mL
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room t e m p e r a t u r e  o r  i n c u b a t e d  a t  lOO^C. F i g u re  
t he  v i s i b l e  range s p e c t r u m ^ w i t h  a A^ax-Of  543 nm
I '  ■
■ ■ ;  .  '  ■ '
was made t o  s y n t h e s i z e  1 - p h e n y l -1 , 2 - p r o p a n e d 1 o n e d i u r e i d e  
(PPDDU) and compare the  v i s i b l e  and u l t r a v i o l e t  s p e c t r a  
o f  PPDDU* wii^h t h a t  o f  t he  r e a c t i o n  m i x t u r e  o f  PPDMO w i t h
u re a .  PPDMO was r e f l u x e d  i n  an a c i d - a l c o h d l  medium w i t h
*n ' kurea a t  80 G and i s o l a t e d  f r om the  r e a c t i o n  m i x t u r e  as a
p a l e - y e l l d w  res idue ' .  The m e l t i h g  poln. t  was found t o  be *
over  300°C ( d ) .
When 1 - p h e n y l - 1 , 2 - p r o p a n e d i o n e d i u r e i d e  ^PPDDU) was
d i s s o l v e d  i n  HCl ,  a r e d - p u r p l e  s o l u t i o n  was o b t a i n e d
w i t h o u t  i n c u b a t i o n .  Th i s  was an i n d i c a t i o n  t h a t  the
chromogen o f  t he  PPDMO r e a c t i o n  w i t h  urea was PPDDU.
Th i s  c o l o r  e x h i b i t s  a hy per ch ro mi e  e f f e c t  when l e / t  a t
2 s-hows
f o r
PPDDU i n  HCl s o l u t i o n  which i s  i d e n t i c a l  to  tha t f  o f  t he  
r e a c t i o n  o f  PPDMO w i t h  u re a .  For t he  u l t M r r t T T i e t  measure­
ments ,  the  above s o l u t i o n  was d i l u t e d  1 / 2 0 ,  (See F i g u re
13,  cu rve  #1}  and o f  254 nm and 202 nm were o b t a i n e d .
When PPDDU was d i s s o l v e d  i n  a l c o h o l ,  a s i m i l a r  spec t rum
w i t h  254 nm and 212 nm were o b t a i n e d  ( c u r v e  # 2 ) .  ,
nia X n ia  X ^
However,  when sample #1 was i n c u b a t e d  a t  100°C f o r  15 j
/
m i n u t e s ,  a b a t hoc hromi c  s h i f t  i n  t h e  spec t rum (X^^^  254 nnt 
t o  264 nm was o b t a i n e d ,  as w e l l  as, a h yperc hr omi e  e f f e c t  
a t  X264 nm.
A sampl-e o f  PPDDU (1 mg) was t h o r o u g h l y  mixed w i t h  
a p p r o x i m a t e l y  lOOUmg o f  d r y ,  powdered po tass ium bromide.
The m i x t u r e  was pressed i n t o  a t r a n s p a r e n t  d i s c  under  a
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' FIGURE, 12 
VISIBLE SPECTRUM OF 1-PHENYL-1,2-PROPANEDIONEDIÜRÉIDE
IN 50% HCl
Legend
V i s i b l e  s p ^ t r u ^ / O f  s t o c k  s o l u t i o n  
( p u r p l e  I .  '
i n c u b a t i o n .  A = 0 .093
■ V ■■■Cone: 2 .5  x 10"  M (0UO588 g /100 mL) 
Xmav 543;  e =. 3 .7  x 10=^ ,
Ml a X V • •
V ; .
a*.
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FIGURE 13
1 ■ -
ULTRAVIOLET SPECTRA OF 1-PHENYL-1,2-PROPANEDIONEDIUREIDE
IN 50% HCl
Legend
1 r "  Un i ncuba t ed  sample
Cone: 2 .5  x 10"^M ( 5 8 . 8  mg/100 mL)
- p i n k  s o l u t i o n  ' .
D i l u t i o n :  1 : 2 0 ; A = 0 . 1 2 ;  1.2
294;  e = 9 .6  x 1 0* ;  202 ; e = 9 .6 '  x ' 10^
n i a X " ‘ • *  •
2. In a lcoho l * .  Un i ncuba t ed  samp Te
Cone: 10 mg/100 mL; 4.31 x 10” ^M
,
A >  . 0 .403 ; 1.24, •
X 'nv  254;  e = ' 9 . 3 5  X 10^ ;  212;e  = 2 .8  x 10^ma X
3. • I nc uba ted  sample (15 m i n u t e s . a t . 1 0 0 ° C )
Cone; 2 .5  x 10"^M 
D i l u t i o n :  1 /100 /
♦ ' ‘ . A = 0 . 1 6 8 ;  0 .47
X ,  264;  e = 6 .72  x 10^;  199;  e  = 1 .88 x 10^jua X
Absorbance f rom 230 -  360 nm i s  shown on r i g h t  
hand s i d e  o f  a b s o r p t i o n  spec t r um.
Absorbance below 230 nm i s  shown on l e f t  hand
(P-
s i d e  o f  a b s o r p t i o n  spec t rum.
J
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p r e s s ur e  o f  =10,000 -  15 ,000 p o un ds / sq .  i n c h .  A K B r - d i s c  
wds o b t a i n e d  f o r  t he  i n f r a r e d  measurement .  Tab l e  V I I I  
p r e s e n t s  the  c h a r a c t e r i s t i c  i n f r a r e d  bands o f  1 - p h e n y l -
1 , 2 - p r o p a n e d i o n e d i u r e i d e . The N H - s t r e t c h i n g  f r e q u e n c i e s
c o r r e s p o n d i n g  t o  the  a s s ym m et r i ca l  and s y m me t r i c a l  NH-
* ' ' ' 1s t r e t c h i n g  v i b r a t i o n s  are  observed a t  3220 -  3160 cm" 
because o f  hydrogen b o nd i ng .  The p r i m a r y  amide , ( C=0
bond)  absorbs (amide I band)  a t  1680 cm"^ as i l l u s t r a t e d
r
i n  t h e  t a b l e .  An amide 11 band i s  a l s o  p r e s e n t  ckt 1515 
cm . The a b s o r p t i o n  p a t t e r n  when compared t o  t h a t  o f  
d i a c e t y l d i u r e i de ( Tab le  I )  i n d i c a t e s  an open c h a in  
s t r u c t u r e  f o r  PPDDU.
The v i s i b l e ,  NMR, and mass s p e c t r o m e t r i c  da ta  on 
1- p h e n y l - 1 , 2 - p r o p a n e d i o n e d i u r e i de are shown i n  Tab l e  IX.  
The c a l c u l a t e d  m o l e c u l a r  w e i g h t  f o r  PPDDU whs found  to  
be 232.  The mass S p e c t r o m e t r i c  (FD) da ta  f m i i c a t e s  the 
p resence o f_p i reny l  r a d i c a l  and t h e  m o l e c u l a r  i on  w i t h  
m/e o f  232 . 28 .
PPDDU was d i s s o l v e d  i n  d i m e t h y l  s u l f o x i d e  and an NMR, 
spec t rum was o b t a i n e d .  Chemical  s h i f t s  are  r e p o r t e d  in 
p a r t s  per  m i l l i o n ,  6,  d o w n f i e l d  f rom t e t r a m e t y l s i  1a n e .
In t he  spec t rum o f  PPDDU, t he  NHg p r o t o n s  show a b s o r p t i o n  
abou t  63.46  ( T 6 . 5 4 ) ;  the  -C'-CHo a b s o r p t i o n  a t  6 0 . 78 ,
5
( T 9 . 2 2 ) ;  p h e n y l  p r o t ons  are  r e p r e s e n t e d  a t  6 7 . 4 2 ,  ( T 2 . 5 4 )  
The peaks due t o  d i m e t h y l  s u l f o x i d e  are n o t  i n  the  t a b l e .  
The mass s p e c t r o m e t r y ,  I .R. - ,  and NMR data  p o i n t  towards 
an open c ha in  s t r u c t u r e  f o r " t h e  1 - p h e n y l -1 , 2 -p ro paned i one-
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TABLE V I I I  
1-PHENYL-1,2-PROPANEDIONEDIUREIDE
C h a r a c t e r ! s t i c i n f r a r e d  bands
F u n c t i o n a l  groups Frequency cm“ ^
Nt H s t r e t c h i n g  v i b r a t i o n s 3220 ^ 3160
C - H^ . s t re t ch in g  v i b r a t i o n s  
assymmet r i  cal
2995
C-H s t r e t c h i n g  v i b r a t i o n s  
s y m m et r i c a l
2860
C=0 s t r e t c h i n g  v i b r a t i o n s  
non-bondeb (amide I band)
1740
C= 0 s t r e t c h i n g  v i b r a t i o n s  
H-bonded
1680
C=N ( c o n j u g a t e d ) ■ ■ 1515^
C-H bend ing  v i b r a t i o n s  
a s s ym m et r i c a l  methyl  
s y mm e t r i ca l  methy l
1445 
1 380, 1320
C-H d e f o r m a t i o n » a n d  C-C 
s t ^ ^ t Q h i n g  v i b r a t i o n s
1170,
1100
1140
N-H o u t - o f - p l a n e  bending 
o r  wagging
740 - 700
\
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TABLE. IX
. 1-PHENYL-1,2-PROPANEDIONEDIUREIDE
U l t r a v i o l e t  d a t a  S t r u c t u r a l  f o r mu la
A ; G'max
CH
202 ;
i n  50% HG1
264;
i n c u b a t e d  sample
3.7
Mass s p e c t r o p h o t o m e t r i c  da ta  (FD)
Ex pe r i me nt a l  ' C a l c u l a t e d  ( mo l .  w t . )
m/e %R.A.______ ;_____ ;___________ ;_______  __________
-78.31 100%
232
232.28 84%
NMR data  ( d i m e t h y l  s u l f o x i d e  was used as s o l v e n t )
6 0 .78  CHg T 9 .22
6 3.46 NHg ■ T 6 .54
6 7 .42 phenyl  '  T 2 .57
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d i u r e i d e .  The v i s i b l e  and u l t r a v i o l e t  s p e c t r a  when com­
pared to  t h a t  o f  the  r e a c t i o n  m i x t u r e  o f  PPDMO w i t h  urea 
sugges t  t h a t \ ^ e  ch ro^agen  r e s p o n s i b l e  f o r  t he  p u r p l e  
c c o l o r  i s  P&DDU. However ,  t h e r e  i s  a p o s s i b i l i t y  t h a t  ^ 
s t r u c t u r e s  such as g l y c o l u r i l s ,  as sugges ted  by Ven iami n,  
ejt (27)  and 2 ,2  ' - d 1 o x o - 4 ,5 l . -di  i m i da z o l me th a ne  m i gh t  
be formed i n  the  r e a c t i o n  which m i gh t  a l s o  c o n t r i b u t e ,  
t o  the  same t ype  o f  c o l o r  deve l opment *  a l t h o u g h  these 
-compounds were n o t  i s o l a t e d  under  the  c o n d i t i o n s  s t u d i e d  
... i n  t h i s  l a b o r a t o r y .
The d i f f i c u l t y  e ncoun te r ed  i n  u s i n g  PPDMO as a 
r e ag e n t  f o r  the d e t e r m i n a t i o n  o f  (k^ea n i t r o g e n ,  was t 'hat  
o f  s o l u b i l i t y  i n  an aqueous medium. Th i s  was overcome 
* by t a k i n g  up PPDMO i n  a few ml o f  c o n c e n t r a t e d  HCl and
h e a t i n g  the  s o l u t i o n  on a steam bath  f o r  a few m i n u t e s ^  
Heat ing  i n  an a c i d  medium caus&é the 1 i  b e r a t i  o n / T f f h y -  
d r o x y l a m i n e  and the  f o r m a t i y e l  1 ow d r o p l e t s  o f  
p hen y lp r op a ne d i  k e t o n e . Alco4yr l  was used to  dis^04-ve the  
d i k e t o n e  fo rmed.  Th i s  s o l u t i o n  t h e n  se r ved  as the  s t o c k  
c o l o r  r e a g e n t  whi ch  was s t a b l e  a t  room t e m p e r a t u r e .  The 
w o r k i n g  s o l u t i o n  was made by d i l u t i n g  t he  s t o c k  w i t h  50% 
HCl s o l u t i o n .  F u r t h e r ,  1 - p h e n y l - 1 , 2 - p r o p a n e d i o n e  was 
s u l ph o na te d  to  f a c i l i t a t e  i t s  s o l u b i l i t y  i n  w a t e r .   ^ No 
r e a c t i o n s  were c a r r i e d  o u t  w i t h  t h i s  compound. No a t t e m p t  
was made t o  e s t a b l i s h  the  s e n s i t i v i t y  of- t h e  method,  
t i m e  r e q u i r e d  f o r  opt imum c o l o r  d e ve l op men t ,  nor  i n ­
h i b i t i o n  by vai^QiLs'^ g u a n i d i n o  d e r i v a t i v e s  which o ccu r
t
V  ' p
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n a t u r a l l y  and whi ch  may reach  l e v e l s  which would l ead to  
i n t e r f e r e n c e  w i t h  t h i s  r e a g e n t .  The purpose o f  t he  s tu dy  
was t o  d e t e r m in e  t he  s t r u c t u r e  o f  t he  chromogen r e s p o n ­
s i b l e  f o r  the  c o l o r  development  ( p u r p l e ' ) ,  i t s  i s o l a t i o n  
a n d / o r  sy n thes i s - ,  and o b t a i n  the  s p e c t r a l  c h a r a c t e r i s t i c s  
o f  t h e  pro tochromogen f o r  c^mpar iso,n purposes t o  t h a t  o f  
the  n o n - i s o l a t e d  p r o d u c t s  o[f t he  r e a c t i o n  m i x t u r e .
A m i x t u r e  o f  urea a ) i ^ 2 , 3 - p e n t a n e d i o n ^ w a s  f e f l u x e d  
i n  a c i d - a l c o h o l  m i x y t t ^  and the  r e s u l t a n t  p r o d u c t  was 
i s o l a t e d .  The w h i p o w d e r  had a m e l t i n g  p o i n t  o f  >300°C 
I d ) .  The e l e m e n t a t \ a n a l y s i s  matched t h e  c a l c u l a t e d  d a ta .  
F i e l d  d e s o r p t i o n  ^ma<s s p e c t r o m e t r i c  d a t a  gave a m o l e c u l a r  
w e i g h t  o f  184.
The s t a r t i n g  s u b s t a n c e ,  2 , 3 - p e n t a n e d i o n e , i n  a l c o h o l ,  
has a o f  270 nm and 230 nm. F i g u r e  14 p r e s e n t s  a
scan o f  the v i s i b l e  spec t rum o f  the 2 , 3 - p e n t a n e d i o n e ­
d i u r e i d e  i n  50% HCl a f t e r  i n c u b a t i o n .  The o b t a i n e d
llld X
are a t  577 nm ( b lu e  c o l o r )  (e = 4 .7  x 10^)  and 480 nm 
(c = 2 .44  X 1 0 ^ ) .  The u l t r a v i o l e t  s p e c t r a  o f  t he  i n ­
cubated  sample d i l u t e d  1:1 ( F i g u r e  15) shows o f  304
nm ( e  = 735 ) and 212 nm w h i l e  the  n o n - i n c u b a t e d  sample.,  
' has an i d e n t i c a l  X^^*  e x c ep t  a l ower  mo la r  a b s o r p t i v i t y .  
Once a g a i n ,  i n c u b a t i o n  i n  HCl shows a h yp e r c h r o mi e  e f f e c t  
p o s s i b l y  due to  p r o t o n a t i o n  o f  the d i u r e i d e  and f o r m a t i o n  
o f  a more c o n j u g a t e d  s y s t e m . *  These h y per ch ro mi e  e f f e c t s  
are  s i m i l a r  t o  t h a t  observed by Kouno and Ueda (66)  when 
t h e y  d i s s o l v e  the  r e s i d u e  f rom the n - b u t a n o l  e x t r a c t  o f
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FIGURE 14
VISIBLE SPECTRUM OF 2.3-PENTANEDIONEDIUREIDE
Legend
*  _ A
The . 2 , 3 - p e n t a n e d i o n e d i u r e i d e  ( 2 . 7  x 10 M) 
was d i s s o l v e d  i n  HCl and the  spec t rum w,as » 
o b t a i n e d  a f t e r  i n c u b a t i o n ,  o f  t he  sample 
(25 mi nu t es  a t  10G°C).
The b l u e - c o l o r e d  s o l u t i o n  e x h i b i t e d  the
2a b s o r p t i o n  maxima a t  577 nm- (e = 4 .7  x 10 ) .
2 1 ^  and 480 nm (e = 2 .44 x 10 ).
/
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* PIQURE 15
ULTRAVIOLET SPECTRUM OF 2,3-PENTANEDIONEDIUREIDE -,
IN 50% HCl
J
l egend  /
.1 . I ncu ba te d  sample
Cone: 1 .35 X 10“ ^M
D i l u t i o n :  1:1
Xmav 3 4 0 ;  E = 3 X 1 0 ^ ;  212maX
2. N on - in c ub a te d  sample
Cone: 2 .5  x 10"^  g /10  mL; 1 .35  x 10"^M
No d i l u t i o n  ^
%max 3 0 4 ;  = = 7 3 5 ;  212
Absorbance f rom 250 -  40D n m ' i s  shown on 
r i g h t  hand s i d e  o f  a b s o r p t i o n  spec t r um.
Absorbance below 250 nm i s  shown on l e f t  
hand s i d e  o f  a b s o r p t i o n  s p ec t r u m.
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the r e a c t i o n / m i x t u r e  o f  the  b u t y l  u re a - a nd  1 - p h e n y l - l -  
H y d r o x y l t n i no - 2 - p r o pa n on e .  The s u b s t i t u t i o n  o f  ke tone 
f o r  monoxime d i d  no t  a l t e r  t h e i r  o b s e r v a t i o n  o f  c o l o r  
I n t e n s i f i c a t i o n  w i t h  t i me  o r  t e m p e r a t u r e .  However,  as 
ment ioned b e f o r e ,  t hey  sugges t  t h a t  t he  i n t e r m e d i a t e  r e s ­
p o n s i b l e  f o r  the  c o l o r  deve lopment  i s  the  2 , 2 ' - d i o x o -  
4 , 5 ' - d i m i d a z o l y l m e t h a n e  d e r i v a t i v e .
Table X p r e s e n t s  t he  c h a r a c t e r i s t i c  I . R .  bands f rom 
the spec t rum o f  2 , 3 - p r o p a n e d i o n e d i u r e i d e . On compar i son 
o f  t hese  bands w i t h  t h a t  o f  d ^ a c e t y l  d i  u r e i  de o r  the  
1- p h e n y l - 1 , 2 - p r o p a n e d i o r t é d i u r e i d e , i t  i s  o bv i ous  t h a t  
t hey  r e se mb le ,  i rt most  p a r t ,  t he  d i u r e i d e ,  s u g g e s t i n g
the open c h a i n  s t r u c t u r e ^ f o r  t h i s  d i u r e i d e .  There i s
-1 ^no band a t  3150 cm which i s  the  c h a r a c t e r t i s t i c  I . R .  
a b s o r p t i o n  band f o r  (NH) i m i d a z o l o n e  m o i e t y .  The 
a b s o r p t i o n  bands a t  1670 and 1680 cm"^ r e p r e s e n t  the
C=0 s t r e t c h i n g  v i b r a t i o n s .
The c a l c u l a t e d  m o l e c u l a r  w e i g h t  o f  t he  d iu r . e i de  
(CyH-jgN^Og) was 184.  The f i e l c f  d e s o r p t i o n  mass spec -  d» 
t r o m e t r i c  spec t rum gave m/e f o r  t he  m o l e c u l a r  i on  t o  be 
184 and + 1 t o  be 185 as t a b u l a t e d  i n  Table X I .  
E l e c t r o n  i m pa c t  mass s p e c t r o m e t r y  da ta  i s  l i s t e d  i n  
leme 8 , CHAPTER I .
\
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TABLE X
^  . '  ■ . . 
INFRARED SPECTRAL DATA OF 2,3^PENTANEDI0NEDIUREIDE
V ?
F u n c t i o n a l  groups Fre qu en c i es  cm” .
N-H s t r e t c h i n g  f i b r a t i o n s 3280, 3220
C-H s t r e t c h i n g  v i b r a t i o n s 2980, 2880
C=0 s t r e t c h i n g  v i b r a t i o n s
_  L  , 1725 «K
( I  -  tJand) 1670, 1680
secondary  a m i d e ' 1
Combi nat ion  o f  bands o f  N-H 
d e f o r m a t i o n  and C-N s t r e t c h ­
ing v i b r a t i o n s
151 5 -
'
C-H d e f o r m a t i o n  
and
C-C s t r e t c h i n g
1160,
1015
1100,  1055
NH d e f o r m a t i o n  v i b r a t i o n s 770, 735 "  ,
y 1
- /■
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/  . TABLE XI
. . .
ULTRAVIOLET AND MASS SPECTROPHOTOMETRIC DATA 
OF 2,3-PENTANEDIONEDIUREIDE
U l t r a v i o l e t  data 
^max
S t r u c t u r a l  f o r m u l a
. 3^04
^212
= 1.34 X 10  ^ . _ 
1.16 X 10^ f^3 0 1 II
’
"in HCl C=N-C-NHp 1 ^
^304 = 1.52 X 10^ t=N-C-NH2
^212 = 6.3 X 10  ^ ^ C2"S°' \
^max 575 nm; (blue.color) ^480
Mass spe c t r o m e t r i c  data  (FD) ( ma jo r  f r ag m en ts  o v e r /
1% R.A. )
Exper i mental Expected
m/e %R.A. ( m o l . w t .  )
184 . . 1 0 0 184
M + 1 18.71
S t a r t i n g  m a t e r i a l :  2 , 3 - p e n t a n e d i one
'<■ ’
X ( a l e . ) :  230;  270 nm
Ilia X
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- D. CONCLUSIONS
The p ro tochromogen r e s p o n s i b l e  f o r  the  p i n k  c o l o r  
o f  the  r e a c t i o n  between urea and 1 - p h e n y l - 1 , 2 - p r o p a n e -  
dionemonoxime In a c i d  medium was found t o  be 1- p h e n y l - 
1 , 2 - p r o p a n e d i o n e d i  u r e i d e . When trhis | d i u r e i de was d i s ­
s o l ve d  i n  HCl i t  ga ve ' a  p i nk - co * l o r ed  \ s o l u t i o n  w i t h * e n
540 nm, which i s  i d e n t i c a l  to  t h a t  o f  the  u r e a - 1 -ma X .
p h e n y l - 1 , 2-propanedionemonox ime r e a c t i o n .  The i n f r a r e d  
and n u c l e a r  magne t i c  resonance data  s ug ge s t  t he  s t r u c t u r e  
o f  t he  s y n t h e s i z e d  compound to  be t h a t  o f  the  d i u r e i d e .
The mass s p e c t r o m e t r i c  data gave t he  m o l e c u l a r  w e i g h t  o f  
the  compound t o  be 232.  The u l t r a v i o l e t  spect rum i n ­
d i c a t e d  the a b s o r p t i o n  maxima a t  257 nm and 199^ nm.
>
When 1- p h e n y l - 1 , 2 -propanedionemonox ime was r e ac te d  
w i t h  urea i n  p resence o f  t h i o s e m i c a r b a z i d e  a b a t hochr omi c  
' s h i f t  and a h yper ch r omi e  e f f e c t  was observed  by s h i f t s  
i n  a b s o r p t i o n  maxima f ^ m  540 nm t o  568 nm, i n d i c a t i n g  
f o r m a t i o n  o f  a more u n s a t u r a t e d  s t r u c t u r e  i n  the  chrom­
ogen.  The u l t r a v i o l e t  spec t rum showed the  presence o f  an 
a b s o r p t i o n  maxima a t  284 nm, 237 nm and 199 nm. Th is  
suggested t h e ^ T n c o r p o r a t i o n  o f  t h i o s e m i c a r b a z i d e  i n  the 
chromogen s t r u c t u r e .
Veniamin,  ejt aj [ .  (27)  have s y n t h e s i z e d  3 a - m e t h y l - 6 a -  
p h e n y l g l y c o l u r i 1 . (whose ^max\^^^  "m was measured)  i n  o r d e r  
to  e s t a b l i s h  the  t i m e ,  course  oT\ a c i d  ‘h y d r o l y s i s  a t  20°C, 
and i t s  c o n v e r s i o n  t o  4 - m e t h y l - 5 - p h e n y l - 4 , 5 - d i h y d r o x y - 2 -
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
109
4m1dazol 'one 264 nm).  Severa l  1 - a l k y ^ - ^ ^ d  1 - a r y l
d e r i v a t i v e s  o f  2 - i m i d a z o l i d i n o n e  ( I )  have b e e n r e p o r t e d
in The patent l i t e r a t u r e  ( 7 7 ) ,  but charac te r i za t ion  o f
, .  . '
t he  p r o d u c t s  was i n c o m p l e t e .  In a c i d - c a t a l y z e d  a d d i t i o n s ,  
g l y c o l u r i l  ( I I )  a n d / o r  h y d a n t o i n s  ( I I I )  were t he  r e ­
p o r t e d  p r o d u c t s  ( 1 7 i '  28,  29) (See Scheme 1 5 ) .
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SCHEME 15
The s y n t h e s i z e d  p h e n y l m e t h y l d i u r e i de ooes n o t  have
HCl s o l u t i o n s ,  
It
a A. 290 nm i n  n o n - i n c u b a t e d  a lcoho
t h e r e f o r e ,  3 a - m e t h y l - 6 a - p h e n y l g l y c o l u r i l  as a s t r u c t u r e  
f o r  t he  s y n t h e s i z e d  compourvrf can be e l i m i n a t e d
I f  t he  c o r r e s p o n d i n g  4 , 5 - d i h y d r o x y - 2 - i m i d a z o l i d i n o n e  
( I )  w i t h  264 nm f rom g l y c o l u r i l  was formed on h y ­
d r o l y s i s  a c c o r d i n g  to  Veniamin ejt ( 2 7 ) ,  then the 
m o l e c u l a r  w e i g h t  (GgHgNgOg) would be 176 and the  NMRf
da ta  o f  2 - i m i d a z o l i d i n o n e s  as r e p o r t e d  b y - V a i l  e t  a l .
(31)  would match t he  da ta  o f  the  s y n t h e s i z e d  d i u r e i d e .  
However,  t hey  do n o t  co r r es p on d  to  t he  d i u r e i d e  ( m o l e c u l a r  
w e i g h t  232)". The u l t r a v i o l e t  spect rum o f  the  d i u r e i d e
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has an a b s o r p t i o n  maxima a t  254 nm compared 
f o r  t he  i m i d a z o l o n e .
The 3 a - p h e n y l - 6 a - m e t h y l  g l y c o l  u'Hs] was s y n t h e s i z e d
v i a  a b a s e - c a t a l y z e t f  r e a c t i o n , I t  p r o c e e d  an i d e n t i c a l
p i n k  c o l o r  when d i s s o l v e d  i n  ho t  HCl to  t h a t  o f  t he  urea
r e a c t i o n  w i t h  1- p h e n y l - 1 , 2 -p ropaned i onemonox ime,  as w e l l
as t o  the  c o r r e s p o n d i n g  d i u r e i d e  i n  HCl. The absorbance
maxima were a t  543 n n W ^ r  a l l  t h r e e  r e a c t i o n s .  The u l t r a
v i o l e t  spec t rum o f  g f l y c o l u r i l  showed absorbance maxima
a t  274 nm, 230 nm, -atvd^_^7 nm,which i s  q u i t e  d i f f e r e n t
f rom t h a t  o f  the  c o r r e s p o n d i n g  d i u r e i d e  257 andmaX
199 nm).  The NMR data d i d  n o t  c o r r e s p o n d ^ t o  t h a t  o f  the 
g l y c o l u r i l .
From t he  above e x p e r i m e n t a l  d a t a ,  one can conc lude  
t h a t  t he  s y n t h e s i z e d  compound r e p r e s e n t s  a d i u r e i d e  1 
( d i f f e r e n t  i n f r a r e d ,  u l t r a v i o l e t ,  NMR^ and mass s p ec ­
t r o m e t r i c  d a t a ) .   ^ *
No r e p o r t  has been made up to  the  p r e s e n t  i n  the  
l i t e r a t u r e  o f  the  use o f  t h i o s e m i c a r b a z i d e  w i t h  urpa and 
1 - p h e n y l -1 , 2 - p r o pa n e d i o n e  f o r  t he  d e t e r m i n a t i o n  o f  b lood 
ufea n i t r o g e n .  The p rb tochromogen o f  t h i s  r e a c t i o n  has 
n o t  been i s o l a t e d  nor  r e p o r t e d  i n  the  l i t e r a t u r e .  From 
the  e x p e r i m e n t a l  data ( u l t r a v i o l e t  s p e c t r a )  on the 
r e a c t i o n  o f  t h i o s e m i c a r b a z i d e  w i t h  u re a ,  1- p h e n y f - l  , 2 -  
propanedionemonoxime gave absorbance maxima o f  284 nm, 
237Tun and 199 nm. S i m i l a r l y ,  t he  r e a c t i o n  o f  d i a c e t y l - 
th i osemi carbazonemonox i me w i t h  urea gave ( u l t r a v i o l e t
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s pec t r um)  absorbance maxima o f  282 nm and 237 nm. These 
r e s u l t s  sugges t  t h a t  the p ro tochromogen i n  bo th  r e a c t i o n s  
must be i d e n t i c a l .  Since both  i n d i c a t e  the  presence o f  
a b s o r p t i o n  bands a t  237 nm, whi ch  c o r resp on ds  t o  a t h i o -  
mi carbazdne m o i e t y ,  the p ro tochromogen can be expec ted  
tm possess t h i s  group i n  t he  s t r u c t u r e .  T h e r e f o r e ,  one 
can c onc l ude  t h a t  the  i n v o l v e m e n t  o f  t h i o s e m i c a r b a z i d e  was 
thjat  o f T ^ a r t i n g  more u n s a t u r a t i o n  to  the  pro tochromogen 
as| v i s u a l i z e d  by the observed b a th o c h r o m i c  s h i f t  and 
e r c h r o m i c  e f f e c t .
The use o f  2 , 3 - p e n t a n e d i o n e  as a r e a ge n t  f o r  urea 
d e t e r m i n a t i o n  has n o t  been c i t e d  1 nMrhe'~T<Jterature. The 
r e a c t i o n  o f  2 , 3 - p e n t a n ed i on e  w i t h  urea produced a b l u e -  
c o l o r e d  r e a c t i o n  m i x t u r e  w i t h  absorbance maxima a t  577 nm 
and 480 nm. The 2 , 3 - p e n t a n e d i o n e d i u r e i d e  was s y n t h e s i z e d  
by the  a c i d - c a t a l y z e d  r e a c t i o n .  The i n f r a r e d ,  u l t r a ­
v i o l e t ,  NMR, and mass s p e c t r o m e t r i c  r e s u l t s  i n d i c a t e  the  
s t r u c t u r e  o f  t h i s  compound*to be a d i u r e i d e  w i t h  a mo l e c ­
u l a r  w e i g h t  o f  184.  A b a t h oc h r o mi c  s h i f t  and h yper ch r omi e  
e f f e c t  would be obse r ve d ,  i f  urea and 2 , 3 -p e n t a n e d i o n e  
was a l l o w e d  t o  r e a c ^ S ^ i t h  t h i o s e m i c a r b a z i d e .  However,  
no such e f f e c t  was o b s e r v e ^  when t he  d i u r e i d e  was r e a c t e d  
w i t h  t h i o s e m i c a r b a z i d e  i n  HCl -because t he  t h i o s e m i c a r ­
baz ide  a p p a r e n t l y  cannot  d i s ^ a c e  a urea r e s i d u e  f rom 
the  d i u r e i d e .
I t  i s  h i g h l y  p o s s i b l e  t h a t  2 , 3 - pe n t a n e d i o n e  c o u l d  a l s o  
be used f o r  d e t e r m i n a t i o n  o f  c r e a t i n e  i n  u r i n e  w i t h
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1- naph tho l -  s i m i l a r  t o  the  use o f  d i a c e t y l  as r e p o r t e d  
by Ennor ,  Stocken and Kurohara ( 7 8 ,  7 9 ) .
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CHAPTER IV
INVESTIGATION OF THE REACTION INTERMEDIATE(S) OF THE 
UREA-DIACETYLMONOXIME REACTION: A RETROSPECTIVE VIEW
Numerous v a r i a t i o n s  o f  F ea ro n ' s  ( 8 )  o r i g i n a l  c a r ba -
mido r e a c t i o n  have been c i t e d  i n  the  l i t e r a t u r e .  M o d i f -
i c a t i o n s  i n v o l v e  changes i n  a c i d  medium, use o f  d e r i v a ­
t i v e s  o f  d i k e t o n e s ,  and a d d i t i o n  o f  o x i d i z i n g  or  c o l o r  
s t a b i 1 i z e r s .
Many o x i d i z i n g  agents  such a s . F e ^ *  and g l u c u r o n o -
l a c t o n e  (59)  do n o t . p l a y  any s i g n i f i c a n t  r o l e  i n  the
u r e a - d i k e t o n e  r e a c t i o n .  The mechanism by which t hey
s t a b i l i z e  o r  i n t e n s i f y  the  c o l o r  i s  n o t  known. When the
3 +r e a c t i o n  i s  run w i t h  o r  w i t h o u t  Fe , i t  has been observed 
t h a t  t h e r e  i s  no n e t  e f f e c t  on f i n a l  c o l o r .
Reac t ion  o f  urea w i t h  o^ -ph tha la l dehyde  and N - ( l -
n ap h t hy l  } - e t h y l e n e d i a m i  ne (NED) i s  d e s c r i b e d  by Jung,  
e ^  al_. ( 8 0 ) .  They have n o t  f u l l y  e l u c i d a t e d  the  i n t e r ­
m ed ia te  o r  t he  chromogen o f  the  r e a c t i o n ,  bu t  suggested 
the e x i s t e n c e  o f  the  f o l l o w i n g  i s o i n d o l i n e  d e r i v a t i v e  
f A )  o r  a p h t h a l a n  d e r i v a t i v e  (B) as i n t e r m e d i a t e s  which 
r e a c t s  f u r t h e r  w i t h  NED to  produce a compound ( a r o m a t i c  
s u b s t i t u t i o n ) t h a t  undergoes r e a r ra ng eme nt  to  y i e 1d^% 
h i g h l y  c o n j u g a t e d  and i n t e n s e l y  c o l o r e d  p r o d u c t .  They 
d i d  no t  i s o l a t e  the  c o l o r e d  compound nor  d i d  t h e y  c h a r ­
a c t e r i z e  i t .
M o r i n ,  ejt al_. (57)  have r e p o r t e d  t he  use o f
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d i m e t h y l  aminobenza ldéhyde i n s t e a d  o f  a d i k e t o n e .  The 
a u t h o r s  do no t  sugges t  any mechanism or  the  s t r u c t u r e
o f  the  c hr omogen( s) .
N-C-NH
-NH,
A B
Ueda, e;t al_. (19 ,  66)  have s epar a ted  v a r i o u s  spots  
on TLC f rom the  b u t y l  urea r e a c t i o n  w i t h  d i a c e t y l ,
1- p h e n y l -1 , 2 - p r o p a n e d i o n e , and t h e i r  oximes and compared 
them w i t h  TLC o f  n - ^ u t a n o l  e x t r a c t s  o f  t he  above r e a c t i o n s .  
They r e p o r t e d  the  s t r u c t u r e  to  be a compound formed f rom 
the  c o n de n sa t i o n  o f  t h r e e  moles o f  d i a c e t y l  w i t h  a s im­
u l t a n e o u s  l o s s  o f  two carbon atoms to  fo rm 2 , 2 ' - d i o x o -  
2 , 5 ' - d i i m i d a z o l y l m e t h a n e  t yp e  o f  s t r u c t u r e .
Ven iami n ,  ejt al_. (27)  have suggested the  f o r m a t i o n
"-I
o f  g l y c o l u r i l , w h i c h  i n  a c i d  medium h y d r o l y z e s  t o  form a 
p igment  whi ch  i s  r e s p o n s i b l e  f o r  the  c o l o r .  However,  
t h e y  d i d  n o t  i s o l a t e  the  p h o t o l y s i s  p r o d u c t .
^ The p r e s e n t  s tu d y  (CHAPTERS I -  I I I )  shows c l e a r l y ,  
t h a t  d i u r e i des, whet her  s y n t h e s i z e d  f rom d i a c e t y l ,  1 - p h e n y l -
1 , 2 - p r o p a n e d i o n e  , o r  2 , 3 - p e n t a n e d i o n e , o r  t h e i r  monoxime 
do produce i d e n t i c a l  v i s i b l e  and u l t r a v i o l e t  spect rum 
t o  t h a t  o f  t he  urea r e a c t i o n  w i t h  the  c o r r e s p o n d i n g  d i - 
ketdwe o r  i t s  ox ime.  The r e c o n s t i t u t i o n  o f  t he  c o l o r ,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
115
t h e r e f o r e ,  1s a p r i m a r y  v i s i b l e  p r o o f  o f  t he  e x i s t e n c e  
o f  d i u r e i d e  as the  p r i n c i p l e  chromogen or  p ro tochromogen 
o f  the r e a c t i o n .  There m i g h t  be o ther -  compounds formed 
i n  the r e a c t i o n  m i x t u r e  as observed by Ueda, e;^ §_!_. (19 ,  
66)  on TLC s e p a r a t i o n  which gave a. y e l l o w . t o  ^ Mue- co lo r ed  
s o l u t i o n  when d i s s o l v e d  i n  a c i d  medium, when b u t y l u r e a  
was used i n s t e a d  o f  u rea .
The i n f r a r e d  and mass s p e c t r o m e t r i c  data  ( i n  
CHAPTER I -  I I I )  c o n f i r m  the  s t r u c t u r e  o f  the  s y n t h e s i z e d  
compound to  be a d i u r e i d e  and n o t  a g l y c o l u r i l  o r  a 
4 , 5 - d i h y d r o x y - 2 - i m i d a z o l i d i n o n e  d e r i v a t i v e ,  o r  a 2 , 2 ' -  
.d i o x o - 4 , 5 ' - d i i m i d a z o l y l m e t h a n e  d e r i v a t i v e .
The u l t r a v i o l e t  s t u d i e s  o f  the  r e a c t i o n :  urea + 
t h i o s e m i c a r b a z i d e  + 1- p h e n y l -1 , 2-propanedionemonox ime 
and urea + di  a c e t y l  t h i o s e m i  carbazonemonoxime in'  50% HCl 
gave absorbance maxima a t  237 nm which i n d i c a t e d  the  
presence o f  a t h i o s e m i c a r b a z o n e  m o ie t y  i n  the  p r o t o ­
chromogen o f  both r e a c t i o n s .  (See CHAPTER I I ;  F i g u r e  9 ) .
The new maxima formed i n  the  above r e a c t i o n s  are 
a t  284 and 282 nm, r e s p e c t i v e l y ,  which f u r t h e r  s u b s t a n ­
t i a t e d  t h a t  the  s t r u c t u r e  o f  the  pro tochromogen was 
s i m i l a r .  However,  g l y c o l u r i l  does n o t  e x h i b i t  s i m i l a r  
absorbance maxima when d i s s o l v e d  i n  50% HCl (X^^^ 274 nm 
and 230 nm).
The use o f  2 , 3 - p e n t a h e d i o n e  i n  presence o r  absence 
o f  t h i o s e m i c a r b a z i d e  as a new r e a g e n t  f o r  d e t e r m i n a t i o n  
o f  urea n i t r o g e n  i s  be ing p roposed .  I t s  use i n  the
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d e t e r m i n a t i o n  o f  c r e a t i n e  1n u r i n e  w i t h  1 - nap h t ho l  
( s i m i l a r  t o  t he  use o f  d i a c e t y l  as r e p o r t e d  by Ennoh and 
Stocken ai i^d Kurohara { 7 8 ,  7 9 ] )  i s  be ing  proposed.
, /
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TEROSITE SULFONATE AS CHELATING REAGENT
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
AUTOMATED MICROANALYSIS OF IRON USING SYNTHESIZED
TEROSITE SULFONATE AS CHELATING REAGENT*
" - 
A. INTRODUCTION
I r o n  i s  one o f  t h e  most  abundant  e lements  i n  t he  
c r u s t  o f  t he  e a r t h .  I t  i s  w i d e l y  d i s t r i b u t e d  amongst  
m i n e r a l s ,  p l a n t s ,  and t h e  an imal  k ingdom.  I t  i s  one o f  
the  t r a c e  e lements  wh i ch  p l a y s  a v i t a l  r o l e  i n  t h e  body,  
bound t o  p r o t e i n s  such as h emo g l o b i n ,  c a t a l a s e ,  c y t o ­
chrome,  t r a n s f e r r i n ,  f e r r i t i n  and h emo s i d e r i n  ( 7 ,  8 1 ) .  
A f t e r  be ing  t aken  up by t he  i n t e s t i n a l  mucosa,  i r o n  may 
be t r a n s p o r t e d  a c r oss  t he  mucosal  c e l l  d i r e c t l y  t o  t he
plasma.  A l t e r n a t i v e l y ,  i t  may be i n c o r p o r a t e d  i n t o  t he
«
 ^ i r o n - s t o r a g e  p r o t e i n ,  f e r r i t i n .  Both i n  bone marrow and
l i v e r ,  i r o n  i s  c h e l a t e d  w i t h  p r o t o p o r p h y r i n  IXa t o  g i v e  
haem, wh i ch  i s  i n c o r p o r a t e d  i n t o  v a r i o u s  h a e m - p r o t e i n s . 
Excess o f ^ i r o n  i s  s t o r e d  as f e r r i t i n  o r  h a e m o s i d e r i n .
_ D e t e r m i n a t i o n  o f  i r o n  i s .  i m p o r t a n t  i n  t h e  i n v e s t i g a t i o n  
o f  d i s o r d e r s  o f  i r o n  m e t a b o l i s m .  The presence o f  i r o n  
i s  o b j e c t i o n a b l e  i n  many m a nu fa c t u re d  p r o d u c t s  due t o  i t s  
redox  p r o p e r t i e s .
- When i r o n  i s  p r e s e n t  i n  l a r g e  amounts,  t h e  usual  
■procedure f o r  i t s  d e t e r m i n a t i o n  employs g r a v i m e t r i c  o r  
v o l u m e t r i c  t e c h n i q u e s .  However,  when t r a c e  amounts o f  
i r o n  have t o  be measured ( p a r t s  per  m i l l i o n ) ,  t h e  method 
o f  c h o i c e  i s  t he  c o l o r i m e t r i c  p r o c ^ u r e  i n  wh i ch  1 , 1 0 -  
p h e n a n t h r o l i n e  and s y n - p h e n y l - 2 - p y r i d y l k e t o x i m e  are
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the  r e a ge n t s  o f  c h o i c e .  When i r o n  i s  p r e s e n t  i n  p a f t s
per  b i l l i o n ,  b a t h o p h e n a n t h r o l i n e  i s  used because o f  i t s  '
h i g h e r  m o l e c u l a r  ç i x t i n c t i o n  c o e f f i c i e n t .  'Bathophenan-
t h r o l i n e  (82)  combines w i t h  f e r r o u s  i on  i n  the  r a t i o  o f  
,
3 : 1 .
\  /  ' '
C C N,
/  \  ( IN N N- 'IX .  IX ---------------IX \
^  /  ' / )
Fe N i------
3 -  •' \  I
V _ N
S i m i l a r i ' l y ,  t he  2 , 4 , 6 - t r i p y r i d y l - s - t r i a z i n e  (TPTZ) 
w i t h  a m o l e c u l a r  e x t i n c t i o n  c o e f f i c i e n t  o f  2 2 , 6 Q0 has b'een 
used f o r  t he  d e t e r m i n a t i o n  o f  i r o n  i n  the  p a r t s  per  b i l l i o n  
r ange .  In t h i s  case ,  thé  f e r r o u s  i on  u n i t e s  i n  a r a t i o  
o f  2:1 to  form the  c h e l a t e  r i n g .  The ( Fe [ ba thophenan- 
t h r o l i ne ] 2 ) ^^  and ( F e [ T P T Z ] ^ ) ^ ^  complexes are e x t r a c t e d  
i n  o r g a n i c  s o l ve n ts , ,  such as i soamyl  a l c o h o l  or  n i t r o b e n z e n e  
p r i o r  t o  i r o n  d e t e r m i n a t i o n .  In o r d e r  t o  a vo id  the  ex- ,  
t r a c t i o n  s t e p ,  some o f  these comp l ex ing  agents  were s u l -  
f o n a t e d .  Th i s  i m p a r t s  w a t e r ' s o l u b i l i t y  t o  the compound.
Table X I I  p r e s e n t s  da ta  o f  the  f e r r o i n  chromogens used f o r
V
serum i r o n  d e t e r m i n a t i o n s  w i t h i n  the  p a s t  decade.  They 
c o n t a i n  the  f u n c t i o n a l  group -N=C-C=N- ( a l s o  known as 
" f e r r o i n  g r o u p " ) ,  which g i v es  b i d e n t a t e  l i g a n d s  w i t h  
t r a n s i t i o n  m e t a l s ,  p a r t i c u l a r l y  i r o n ,  c op pe r ,  and c o b a l t  
(82 -  9 5 ) .
R e c e n t l y ,  compounds c o n t a i n i n g  the  f u n c t i o n a l  group 
=C-C-N=C-C-N= w i t h  the t r i v i a l  name o f  t he  " t e r r o i n e "
*
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TABLE X I I
‘SPECTROPHOTOMETRIC CONSTANTS OF THE F e ( I I )  
.COMPLEX CATIONS
_ J 1
Compound Have l eng t h  
nm
M o l e c u l a r  
e x t i n c t i o n "  
coe.f f  i  c i  en t
P y r i d y l  b e n z o d i a z e p i n e - Z -  
one t y p e  - '
580 17,400
B a t h o p h e n a n t h r o l i n e 534 22,150
B a t h o p h e n a n t h r o l i ne d i s u l f o n a t e 534 22,1*40
T r i p y r i d y l - s - t r i a z i ne - 593 22,600
2 , 6 - D i -  [ p y r i d y l - ( 2 ) - 4 -  
2^-methoxy-pheny l  ] - p y r i d i n e
• 570 26,900t ■ '
.DMPP' . ■ ' - - ,  - '
DMPP'sul . fonic  a c i d  sodium s a l t 570 26,900
F e r r o z i n e • ' 562 27 ,900-
T e r o s i n e '569 -.., . . 2 2 , 0 0 0
T e r o s o l e  { 4 - me th y l  ) 575 ■ 26:300
T e r o s o l e  ( 4 - e t h y l  ) 570 27,100
T e r o s i t e  ( 4 - p h e n y l ) 583 ■ 30,200 ■
T r i p y r i d y l  2 , 2 ' , 2 " - t r i p y r i d i n e  
( t e r p y r i d i n e )
552 12,500
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
120
have been s y n t h e s i z e d  (90 -  93)* and i n v e s t i g a t e d  f o r  the  
purpose o f  e x p l o i t i n g  a common p r o p e r t y ;  t h a t  o f  f o r m a ­
t i o n  o f  complexes w i t h  f e r r o u s ,  c o b a l t o u s ,  and cuprous,  
s p e c i e s .  The " t e r r o i n e "  r e a c t i o n  I s  ana logous to  the  
" f e r r o i n "  r e a c t i o n  i n  c h e l a t i o n  t o  fo rm F e ( I I )  complex 
c a t i o n s .  Tab l e  X I I  p r e s e n t s  data  f o r  t h e  f e r r o i n  r ea ge n ts  
used f o r  t he  serum i r o n  d e t e r m i n a t i o n s .  Most  o f  t hese  • 
compounds are  e x p e n d v e : due to  d i f f i c u l t  and t e d i o u s  
o r g a n i c  s yn theses  t h a t  are  r e q u i r e d  f d r  t h e i r  p r e p a r a ­
t i o n  ( 9 6 ) .  For c l i n i c a l  a n a l y t i c a l  p u r p o se s ,  a f a i j r l y  
l ow c o s t ,  y e t  h i g h l y  s e n s i t i v e  r e a g e n t  ( h i g h  e x t i n c t i o n  
c o e f f i c i e n t )  w i t h  w a t e r  s o l u b i l i t y ,  would be h i g h l y  
d e s i r a b l e .  Most o f  t he  i r o n  r e a g en t s  i n  Tab le  X I I  are 
d i f f i c u l t  t o  d i s s o l v e  i n  aqueous med ia ,  thus  r e q u i r i n g  
e x t r a c t i o n  s teps  w i t h  organ i c ' ^so l  ve n ts  .
The s teps  i n v o l v e d  i n  s e r u m - i r o n  d e t e r m i n a t i o n  can 
be summarized as f o l l o w s :
1. D i s r u p t i o n  o f  the  F e - p r o t e i n  complex by HCl o r  pH 
changes.  The d i s s o c i a t i o n  o f  the  f e r r i c  i o n  f rom t r a n s -  
f e r r i n  i s  a r e v e r s i b l e  r e a c t i o n  and p r o c e d u r a l  v a r i a t i o n s  
a f f e c t  t he  d i s s o c i a t i o n . .  H
2.  Reduc t i on  o f  f e r r i c  i o n s  t o  f e r r o u s  i o n s .  The e f f e c t ^  
i v en es s  o f  t he  v a r i o u s  r e d u c i n g  agents  depend upon 
s e v e r a l  f a c t o r s  such a s ,  redox  p o t e n t i a l ,  s o l u b i l i t y ,
. . rate o f  r e a c t i o n ,  c o p r e c i p i t a t i o n  o f  t he  Fe w i t h  p r o t e i n .  
Among t he  common r e d u c i n g  agents  used are a s c o r b i c  a c i d ,  
t h i o g l y c o l 1i c  a c i d  ( 9 7 ) ,  sodium m e t a b i s u l f i t e  (98)
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and h y dr oxy la m1 n e • HCl ( 8 2 ) .
3.  C h e l a t i o n  r e a c t i o n  p r o d u c i n g  a f e r r o t î ^  i on  complex 
whi ch  i s  non- revers^ l EHe.' Some o f  t he  complexes are 
■ e x t r a c t a b l e  w i t h  orga-nic s o l v e n t s .
The 2 , 6 - b i s - ( 4 - p h e n y l - 2 - p y r i d y l ) - 4 - p h e n y l p y r i d i n e  
• ( t e r o s i t e )  has been s y n t h e s i z e d  by Case (90)  by a mod i ­
f i e d  C h i c h i b a b i n  r e a c t i o n  i n  an o v e r a l l  y i e l d  o f  about  
< '
18 - 20%. The low s o l u b i l i t y  o f  the  f e r r o u s - t e r o s 4 t e  
complex n e c e s s i t a t e s  the  use o f  mixed s o l v e n t s  ( o r g a n i c )  
■for  i t s  e x t r a c t i o n  p r i o r  t o  the  f i n a l  d e t e r m i n a t i o n ' .
Th i s  sh o r t c o mi ng  can be e l i m i n a t e d  by s u l f o n a t i o n 'o f  
t e r o s i t e  (99 -  1 00 ) .  T h e r e f o r e ,  t he  s y n t h e s i s  o f  
t e r o s i t e  s u l f o n a t e  and i t s  use as a r e a g e n t  f o r  the 
measurement  o f  p a r t s  per  b i l l i o n  o f  i r o n  by t he  c o l o r ­
i m e t r i c  method was u n d e r t a k e n .
T e r o s i t e ' s  s y n t h e s i s  can be a ch ie ve d  by e i t h e r  o f  
the  methods o f  Case ejt aj_; (90)  and’ Proevska e t  a l .
( 1 0 1 ) whose sch emat i c s  a re  r e p r e s e n t e d  by the  f o l l o w i n g  
s e t  o f  e q u a t i o n s  (A) and ( B ) .  (See Scheme 16 and 1 7) .
The aimfO>f t h i s  p r o j e c t  was t o  p r e p a r e  t e r o s i t e  s u l -  
f o n a t e  and t o  i m p a r t  wa t e r  s o l u b i l i t y  t o # t h e  m o l e c u l e ,  
thus  a v o i d i n g  t he  e x t r a c t i o n  s tep  i n v o l v e d  i n  t he  d e t e r ­
m i n a t i o n  o f  i r o n  w i t h  t h e  u n s u l f o n a t e d  t e r o s i t e ;  t o  
d e t e r m in e  t he  s p e c t r a l  c h a r a c t e r i s t i c s  o f  the  s u l f o n a t e d  
p r o d u c t  and compare i t  w i t h  t h a t  o f  t e r o s i t e ;  t o  measure 
the  e f f e c t s  o f  pH on the  s t a b i l i t y  o f  t he  f e r r o u s r b i s  
( t e r o s i t e  s u l f o n a t ^ ;  and f i n a l l y  t o  automate the  a n a l y t i c a l
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p r o c e d u r e  on a Technicon ®  A u t o A n à l y z e r  ®  A A I . ,
(A)  Method o f  C&se (90)
1. C h i c h i b a b i n  r e a c t i o n :  The s u b s t i t u t e d  4 - p h e n y l d i n e s
have been s y n t h e s i z e d  by a m o d i f i e d  C h i c h i b a b i n  r e a c t i o n
f rom a - m e t h y l s t y r e n e ,  f o r ma l dehy de  and ammonium c h l o r i d e  I Î -
t o  g i v e  6 - m e t h y l - 6 - p h e n y l t e t r a h y d r o - 1 , 3 - o x a z i ne I .
CH
= CH
H, I
Convers ion  o f  I t o  4 - p he n y l  p y r i d i n e  u s in g  n i t r o ­
benzene and p a l l a d i u m  as a c a t a l y s t .
I -H2 O
excess HCl O \ \  r
benzene
Convers i on  o f  I I  t o  2 - c y a n o p y r 1 d i n e s .
r
CuCN
O
I I I
Convers i on  o f  I I I  t o  2 - a c e t y l - 4 - p h e n y l  p y r i d i n e .
CH3-C=0
CgHgOH
HCl
T e r o s i t e  f rom IV 
GgHrCHO
NH4 OCOCH3
ÇOOC2 H5
C^HgONa
e t h y l  - 
a c e t a t e IV
SCHEME 16
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(B) Method o f  Proevska ^  al_. ( 1 0 1 ) ,
CH3
CH ' 4"9
COGH
N COCH
SCHEME 17
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pPERXMENTAL 
'■ 1 . . APPARATUS
A b s o r p t i o n  s p e c t r a  were r e c o r de d  on a Beckman 
Acta I I I  s p e c t r o p h o t o m e t e r .  For  t h e  p o t e n t l o m e t r l c  
t i t r a t i o n ,  a Corn ing  pH-meter  Model 7 equipped w i t h  a 
Corning g l as s  and calomel  e l e c t r o d e  was used.  I o n -  
exchange e x p e r i f i e n t s  were c a r r i e d  o u t  on a column o f  
1-cm d i a m e t e r  and l ^ i n c h  l e n g t h  c o n t a i n i n g  a s i n t e r e d  
g l a ss  p l u g .  T h e y ^ n t h e s i s  o f  t e r o s i t e  s u l f o n a t e  was 
per fo rmed u s i ^  Q u i c k f i t  g l a s s w a r e .
2.  REAGENTS
Ammonium a c e t a t e  b u f f e r  pH 4 .5  + 0 . 0 2 :  In a 1 . 5 -  
l i t e r  b eak e rw er e  d i s s o l v e d  100 g ammonium a c e t a t e  
( c e r t i f i e d  ACS r e a g e n t )  i n  990 ml  o f  d i s t i l l e d  w a t e r .  
S u f f i c i e n t  g l a c i a l  a c e t i c  a c i ^  was added t o  t h i s  s o l u ­
t i o n  to  b r i n g  t he  pH o f  t he  s o l u t i o n  t o  4 .5  + 0 . 0 2 .
Potass ium b i p h t h a l a t e  b u f f e r  pH 4 . 0  + 0 . 0 2 :  The 
c e r t i f i e d  b u f f e r  c o n c e n t r a t e  s o l u t i o n  was d i l u t e d  1:5 
w i t h  d i s t i l l e d  w a t e r .
Potass ium b i p h t h a l a t e  b u f f e r  pH 2 . 0  + 0 . 0 2 :  The 
d i l u t e d  b u f f e r  o f  pH 4.0  was t r e a t e d  w i t h  HCl t o  b r i n g  
the  pH t o  2 t 0 .
Potass ium phosphate  monobasic-NaOH b u f f e r  pH 7 .0  + 
0 . 0 2 :  F i s h e r  c e r t i f i e d  b u f f e r  c o n c e n t r a t e  was d i l u t e d  
1:25 w i t h  d i s t i l l e d  w a t e r .
V
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B o r i c , a c i d -N aO H  b u f f e r  pH 10 + 0 . 0 2 :  T h i s  was p r e ­
pared by d i l u t i o n  o f  t he  b u f f e r  c o n c e n t r a t e  ( 1 : 1 0 )  w i t h  
d i s t i l l e d  w a t e r .  ^ \
L - A s c o r b i c  a c i d  1 g%: A s c o r b i c  a c i d  ( r e a g e n t  g rade)
(1 g)  was d i s s o l v e d  i n  100 ml o f  d i s t i l l e d  w a t e r .  .
Stock i r o n  s o l u t i o n :  Fer rous ammonium s u l f a t e  -SHgO 
( a n a l y t i c a l  r e a g e n t )  ( 0 . 70 2  g); was d i s s o l v e d  i n  d i s ­
t i l l e d  w a t e r  ( c o n t a i n i n g  0 .5  ml c o n c e n t r a t e d  s u l f u r i c  . 
a c i d )  and d i l u t e d  t o  1 l i t e r .
Working i r o n  r e a g e n t :  In a c o r r e s p o n d i n g  100-mL 
v o l u m e t r i c  f l a s k  marked I ,  2,  3,  4 ,  5,  6,  7,  8,  9,  10 ,
ug o f  i r o n  was p i p e t t e d  1,  2,  3,  4 ,  5,  6,  7,  8,  9,  10
ml  o f  the  s t o c k  i r o n  r e a g e n t ,  r e s p e c t i v e l y ,  and d i l u t e d  
to  the  mark w i t h  d i s t i l l e d  w a t e r .
TGA-NaCl-1 N HCl s o l u t i o n :  I n ' a  1 - l i f e r  v o l u m e t r i c  
f l a s k  were d i s s o l v e d - 8 .5  g o f  sodium c h l o r i d e  ( r e a g e n t  
g rade)  i n  500 ml  o f  1 N HCl s o l u t i o n .  T h i o g l y c o l l i e  
a c i d  (1 m l )  was added t o  the  f l a s k ,  mixed and d i l u t e d  
t o  the  mark w i t h  1 N HCl s o l u t i o n .
HCl ,  1 N s o l u t i o n :  Con ce n t ra te d  HCl (^3 mL) was 
d i l u t e d  to  1 l i t e r  w i t h  d i s t i l l e d  w a t e r .
T e r o s i t e  s u l f o n a t e  s t o c k  s o l u t i o n :  In a 10-mL 
v o l u m e t r i c  f l a s k  was d i s s o l v e d  0 .1006 g o f  d e r o s i t e  
s u l f o n a t e  and d i l u t e d  t o  the  mark w i t h  d i s t i l l e d  w a t e r .
Working t e r o s i t e  sul  fonate ' r -x fne ml  o f  the  s to ck  
t e r o s i t e  s u l f o n a t e  s o l u t i o n  was d i l u t e d  to  the 50 mL mark 
w i t h  d i s t i l l e d  w a t e r .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
126
Amb er l i t e "  TR-120:  The i on -ex change  r e s i n  was p u r i ­
f i e d  by washing i t  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c id  
t o  remove i r o n ,  f o l l o w e d  by d e i o n i z e d  w a t e r  u n t i l  t he  i>
e l u a t e  was f r e e  o f  c h l o r i d e .
C h l o r o s u l f o n i c  a c i d :  C h l o r o s u l f o n i c  a c i d  (98% p u r e ) ,  
purchased f rom BOH L i m i t e d ,  was used.
Most o f  the  above r ea ge n t s  were o b t a i n e d  f rom 
F i s h e r  S c i e n t i f i c  Company, F a i r  Lawn, New J e r s ey  07410, 
o r  f rom BOH L t d . ,  T o r o n t o ,  O n t a r i o .  A l l  t he  reagen ts  
were o f  a n a l y t i c a l  g rade.
T e r o s i t e  was o b t a i n e d  f rom the  G. F r e d r i c k  Smi th 
Chemical  Co. ,  Columbus,  Ohio ( c o u r t e s y  o f  Dr.  B. Zak ) .
3.  METHOD
•
(a )  S u l f o n a t i o n  o f  T e r o s i t e
To 200 mg o f  t e r o s i t e  was added c h l o r o s u l f o n i c  
a c i d  (3 mL) i n  a r o und -b o t to me d f l a s k  equ ipped w i t h  a 
d r o p p i n g  f un n e l  and a r e f l u x  condenser .  The m i x t u r e  
was heated ,t o  155° C f o r  about  24 h o u r s .  At  t h i s  t i me  
a c l e a r - y e l l o w  s o l u t i o n  r e s u l t e d .  The s o l u t i o n  was 
c o o l e d  i n  an i c e - b a t h  and d i s t i l l e d  w a t e r  was added 
( -  20 mL) t o  d e s t r o y  t he  excess o f  c h i o r o s u l f o n i c  a c i d .  
The m i x t u r e  was then heated  on a s te a m- b a t h  t i l l  most  
o f  the  s o l i d  had d i s s o l v e d .  The u n s u l f o n a t e d  m a t e r i a l  
was s epar a ted  by f i l t r a t i o n .  HCL was removed by a s p i r ­
a t i o n .  Ammonium h y d r o x i d e  was added t o  n e u t r a l i t é  the  
s o l u t i o n .  To t h i s  s l i g h t l y  a l k a l i n e  s o l u t i o n  was added
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about  500 mL o f  e t h a no l  w h i l e  s t i r r i n g .  S e p a r a t i o n  o f  
p r e c i p i t a t e d  ammonium s u l f a t e  was a ch ie ve d  by f i l t r a t i o n .
•A'
On e v a p o r a t i o n  o f  t he  e t h a no l  f i l t r a t e  on a s t e a m - b a t h ,  
a b l u i s h - w h i t e  p r o d u c t  was o b t a i n e d .  The f i e l d  d e s o r p ­
t i o n  mass s p e c t r o m e t r i c  data  i n d i c a t e d  t h a t  a m i x t u r e  
o f  mono- and d i  s u l f o n a t e  i n  a r a t i  o o f  10:7  was p r e s e n t  . 
i n  the  c rude p r o d u c t .  The y i e l d  was abou t  80% o f  the 
t h e o r e t i c a l  y i e l d .
The sodium s a l t  o f  t e r o s i t e  s u l f o n a t e  w a s , prepared  
by pass in g  the  aqueous s o l u t i o n  o f  t he  above ammonium 
s a l t  o f  t e r o s i t e  s u l f o n a t e  t h r o u g h  an i on -e xc ha ng e  r e s i n  
( IR - 12 0  s t r o n g  c a t i o n - e x c h a n g e  r e s i n  i n  H - f o r m )  column.  
The e l u a t e  was a c i d i c  t o  t he  pH p aper .  I t  was n e u t r a l ­
i z e d  w i t h  sodium b i c a r b o n a t e  ( po wd er ) .  On e v a p o r a t i o n  
o f  t he  aqueous s o l u t i o n  on a h o t - p l a t e ,  a w h i t e  p r o d u c t  
was o b t a i n e d  which r e a c t e d j w i t h  f e r r o u s  i ons  t o  g i v e  a 
b l u e - c o l o r e d  complex i d e n t i c a l  to  t e r o s i t e .  The sodium 
s a l t  was e x t r e m e l y  s o l u b l e  i n  wa t e r  and showed a b lue 
f l u o r e s c e n c e  under  u l t r a v i o l e t  l i g h t .
(b )  T h i n - l a y e r  Chromatography o f  T e r o s i t e  S u l f o n a t e
The t e c h n i q u e  o f  B a r r e r a  and Spgtswood (102 -  104) 
who c a r r i e d  o u t  some s e p a r a t i o n s  o f  t e r p h e n y l s  by chrom­
a t o g r a p h y  on a c e t y l a t e d  paper  was used.  The ch r oma t o ­
g r a p h i c  s e p a r a t i o n s  were c a r r i e d  ou t  by t he  ascend ing  
t e c h n i q u e  on a 10 x 4 cm s t r i p  o f  p l a s t i c  p l a t e s ,  coated 
w i t h  c e l l u l o s e .  The g l a s s  c h r o m a t o g r a p h i c  chambers used
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were 400-mL beakers (11 cm h i g h ) .  The s t r i p s  were then 
deve loped w i t h  v a r i o u s  s o l v e n t s  ( e l u t i n g  power o f  s o l ­
ven ts  used was i n  i n c r e a s i n g  o r d e r ) .  The s o l v e n t s  t r i e d  
were e t h y l  a c e t a t e a c e t o n e , 1 , 2 - d i c h l o r o e t h a n e ,  e t h a n o l ,  
w a t e r ,  p y r i d i n e ,  DMSO, and a c e t o r v i t r i  1 e . The m i x t u r e  
o f  DMSQ and a c e to n e  ( 1 : 1 )  as e l u t i n g  s o l v e n t  showed 
s e p a r a t i o n  o f  the  t e r o s i t e  s u l f o n a t e  as two spo ts  a t  
room t e m p e r a t u r e  (20° C) .  The s e p a r a t i o n  o f  t h e  m i x t u r e  
was v i s u a l i z e d  under  u l t r a v i o l e t  l i g h t .
( c )  V i s i b l e  A b s o r p t i o n  C h a r a c t e r i s t i c s  o f  F e r r o u s -  
b i s ( t e r o s i t e  s u l f o n a t e )  Complex
+2In a t e s t  tube was p i p e t t e d  4 pg o f  Fe s o l u t i o n  
(1 mL),  1 mL o f  t h i o g l y c o l l i e  a c i d - N a C l - 1  N HCl s o l u t i o n ,  
ammonium a c e t a t e  b u f f e r  (1 mL) o f  pH 4 . 5  + 0 . 0 2 ,  and 0 .5  
mL o f  t e r o s i t e  s u l f o n a t e  ( 3 .0 7  x 10"® m o l e ) .  The 
s o l u t i o n  was mixed and t he  absorbance o f  t he  b l u e -  
c o l o r e d  complex r ec or de d  f rom 650 nm down t o  320 nm 
a g a i n s t  d i s t i l l e d  w a t e r .  The a b s o r p t i o n  maxima were 
found t o  be a t  583,  383,  and 340 nm. The mo la r  e x t i n c ­
t i o n  c o e f f i c i e n t  was c a l c u l a t e d  to  be 30,971 a t  583 nm 
(See F i g u r e  16 ) .
( d )  D e t e r m i n a t i o n  o f  the  Second D i s s o c i a t i o n  Cons t an t  
o f  T e r o s i t e  S u l f o n a t e
The p o t e n t i o m e t r i c  t i t r a t i o n  was c a r r i e d  o u t  w i t h  
a Corn ing  pH-meter  equipped w i t h  g l a s s - c a l o m e l  e l e c t r o d e sI
A 400-mL beaker  equipped w i t h  a magne t i c  s t i r r e r  was 
used as t he  t i t r a t i o n  v e s s e l .  A 5-mL m i c r o b u r e t t e  was.
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FIGURE 16
ABSORPTION SPECTRUM OF F e ( I I ) - B I S  (TEROSITE SULFONATE)
Legend
The c o n c e n t r a t i o n  o f  t e r o s i t e  s u l f o n a t e  1.53 
X 10"^  mole and f e r r o u s  i o n  4 yg ( 0 .7168  x 
10 mole)  was used f o r  t h i s  d e t e r m i n a t i o n .
-I
The b u f f e r  system c o n s i s t e d  o f  ammonium 
a c e t a t e  o f  pJi 4 .5  + 0 . 0 2 .
The r e d u c t a n t  was t h i o g l y c o l l i e  a c i d  (TGA)- 
NaCl -1 N HCl .
§
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used f o r  the  t i t r a t i o n  c o n t a i n i n g  a 0.01302 N NaOH 
s o l u t i o n .  T e r o s i t e  s u l f o n a t e  (1 .527 x JO*' mo le)  i n  ap-^ 
\ ) i x ) x 1 m a t e l y  100 mL o f  d i s t i l l e ^  w a t e r  was used f o r  the 
a n a l y s i s . .  The s t a r t i n g  pH o f  the  s o l u t i o n  was f o u n d , t o  -
c
be 4 . 6 5 .  Record ings  o f  changes i n  pH va lu es  on a d d i t i o n  
o f  0.1 mL o f  NaOH were o b t a i n e d .  A p l o t  o f  pH v s . . m l
o f  NaOH added i s  shown i n  F i g u r e  17. ' The pK2 v a l u e  and •
the  e q u i v a l e n c e  p o i n t  were computed f r om t he  t i t r a t i o n  
t o  be a t  pH 6.45 and a t  pH 7.57,  r e s p e c t i v e l y .
(e )  E f f e c t  o f  pH on the S t a b i l i t y  o f  F e r r o u s - b i s  \  
( t e r o s i t e  s u l f o n a t e )
The pH range over  which f e r r o u s - b i s ( t e r o s i t e  s u l ­
f o n a t e )  was s t a b l e ,  was d e te r mi ne d  by p r e p a r i n g  a s e r i e s  
o f  s o l u t i o n s ,  each s o l u t i o n  hav ing  the  same amount o f  
i r o n  (8 u g ) j  a s c o r b i c  a c i d ,  excess o f . t e r o s i t e  s u l f o n a t e  
and a b u f f e r  s o l u t i o n  o f  d i f f e r e n t  pH. The b u f f e r s  used , 
were po tass ium b i p h t h a l a t e  o f  pH 2^0 and 4 . 0 ,  po tass ium 
phosphate  monobasic-NaOH' o f  pH 7 . 0 ,  b o r i c  acid-NaOH 
b u f f e r  o f  pH 9.0 and b o r i c  ac id-KCl -NaOH b u f f e r  o f  pH 
1 0 . 0 .  The absorbance o f  each s o l u t i o n  was measured a t  
583 nm. The r e s u l t s  p l o t t e d  i n  F i g u r e  18 show the  i n ­
f l u e n c e  o f  pH on c h e . l a t i o n  o f  i r o n  w i t h  t e r o s i t e  s u l f o n a t e
( f )  D e t e r m i n a t i o n  o f  the  Formula o f  t he  Complex
The m o l a r - r a t i o  method was used f o r  d e t e r m i n a t i o n  
o f  t he  f o r m u l a  o f  t he  complex .  The pH chosen was 4 .5  
and the  b u f f e r  system used was ammonium a c e t a t e .  The 
c o n c e n t r a t i o n  o f  i r o n  (5 vg )  was kept  c o n s t a n t ,  w h i l e
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FIGURE,17
TITÜATION CURVE OF TEROSITE SULFONATE
Legend 
' '
T e r o s i t e  s u l f o n a t e  0 .010 g was t i t r a t e d  w i t h  
0. ( f l032 N NaOHr The pH a t  the  s t a r t  o f  the 
t i t r a t i o n  was 4 . 6 5 .  The pKg was found to  be 
a t  pH 6 . 4 5 .  The e n d - p o i n t  was de t e r mi ne d  to  
be a t  pH 7 . 6 .
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FIGURE 18
pH STABILITY STUDIES OF F e ( I I ) - B I S  (TEROSITE SULFONATE)
Legend
The jjH b u f f e r s  were p re par ed  f rom c e r t i f i e d
b u f f e r  c o n c e n t r a t e  s o l u t i o n  f rom F i s h e r
%
S c i e n t i f i c  Company.
The pH 2 .0  and 4 .0  + 0.0,2 b u f f e r s  were.
. p o t a s s i u m  b i p h t h a l a t e  b u f f e r s .
The pH 7 . 0  + 0 .02 b u f f e r  was p o t ass iu m 
phosphate  monobasic-NaOH.
The pH 9 .0  + 0 .02  b u f f e r  was 0 .5  M b o r i c  
a c i d - 0 . 2  M NaOH b u f f e ^ .
The pH 1 OlX)_ + 0 .02  b u f f e r  was b o r i c  a c i d -  
KCl-NaOH b u f f e r .
The r e d u c t a n t  used was L - a s c o r b i c  a c i d .
The c o n c e n t r a t i o n  o f  t e r o s i t e  s u l f o n a t e  
was 6 .107 X 10"^  mole .  '  ^  :
t he  c o n c e n t r a t i o n  o f  . f e r ro us  i on  (8 pg) 
used was k ep t  c o n s t a n t . '  Ÿ-
A
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tK.e c o n c e n t r a t i o n  o f  t e r o s i t e  s u l f o n a t e  was v a r i e d .
The m o l a r  r a t i o  p l o t  ( F i g u r e  19) showed a s t e a d y  i n -
_ g
c r ea se  up t o  a c o n c e n t r a t i o n  o f  0 . 4 1 8 . x  10 mole a t  
wh i ch  p o i n t  a break i n  t he  cu r ve  was no ted  and a c on ­
s t a n t  amount o f  d i s s o l v e d  l i g a n d  was i n d i c a t e d .
( g ) ' ^ ' ^ ' ^ t o m a t i o n  o f  the  Manual  .Procedure
The r a t i o  o f  the ml  o f  r ea ge n t  d e l i v e r e d  per 
m i nu te  was used i n  s e l e c t i o n  c»f the  p r o p e r  A u t o A n a l y z e r  
pump t u b i n g s .  The F i g u r e  2 0 , shows the  s i n g l e - c h a n n e l
f l o w  sch emat i c  o f  the  automated method a t  5,83 nm us ing
(R) ■*(R)the  b a s i c  Techn icon A u t o A n a l y z e r  sys tem.  In F i gu res
21 and 22 are p r e se n t ed  t he  A u t o A n a l y z e i ^ c u r v e s  f o r  the
i r o n  s ta n da rd s  used a t  583 nm and 340 nm, r e s p e c t i v e l y .
These cu rves  were o b t a i n e d  f o l l o w i n g  t h e  p r o c e d u r e ^
g u i d e l i n e s  as d e s c r i b e d  i n  s t ea dy  s t a t e  i n t e r a c t i o n  by 
(R)Techn icon  . R e su l t s  were c a l c u l a t e d  f r om t he  c a l i ­
b r a t i o n  curve  In t he  usual  manner f o r  methods obey ing 
B e e r ' s  l aw.  T h e r e f o r e ,  the  r e s u l t s  o b t a i n e d  by the  
automated p ro ced ur e  were i n  e x c e l l e n t  agreement  w i t h  
t ho se  o b t a i n e d  by t he  manual  p r o c e d u r e .
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) FIGURE 19
SPECTROPHOTOMETRIC TITRATION OF FERROUS-TON• 
WITH,TEROSITE SULFONATE
Legend
The c o n c e n t r a t i o n  o f  t he  f e r r o u s  i on  was kep t  
a t  0 .896 X 10” ^ mole.
T e r o s i t e  s u l f o n a t e  c o n c e n t r a t i o n  was v a r i e d .
The b u f f e r  used f o r  the  a n a l y s i s  was ammonium • 
a c e t a t e  o f  pH 4 .5  + 0 . 0 2 .  The r e d u c t a n t  used 
was t h i o g l y c o l 1 i c  a c i d ,  i n  NaCl-1 N H Cl .
. The  s p e c t r o p h o t o m e t r i c  measurements were c a r r i e d  
o u t  a t  583 nm.
The mo la r  r a t i o  p l o t  was c a r r i e d  o u t  a c c o r d i n g
to  R e i l l y ,  C.N. and Sawyer ,  D. T . — B xp er ime nt s -------
for^^2^ s t r ^ mi^Q^al Methods,  Mc Gra w-H i l l  Book 
Company, I n c . , . T o r o n t o ,  1961.
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FIGURE 20 
MANIFOLD FOR IRON DETERMINATION
Legend
Wi th the  m a n i f o l d  i n  p o s i t i o n ,  r e a g e n t s  ane 
pumped th r ou gh  t he  system u n t i l  t he  b a s e l i n e  
s t a b i l i z e s .  Zero and 100% T a re  s e t  on the  
r e c o r d e r .  The s ta n da rd s  were p l a ce d  on the
sampler  w i t h  serum s p e c i m e n s . .  A Techn icon
"(G)
b a s i c  A u t o A n a l y z e r  system was used and 
measurements were c a r r i e d  o u t  at^^sVs'nm.
■Vis>
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FIGURE 20
Sampier
B u f f e r
T e r o s i t e
Pump
Waste
583 nm- 20 mm
PBG
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FIGURE 21 .
‘ RECORDER TRACING WITH USE OF TECHNICO^AAI SYSTEM
Legend
I c :
The t y p i c a l  r e c o r d e r - t r a c i n g  1s i l l u s t r a t e d
us in g  100,  200 and 300 pg /100 m L , F e { I I )  
s t a n d a r d s  and serum spec imens.  The measure­
ments were c a r r i e d  o u t  a t  583 nm.
Recorder  T r a c i n g  C o n c e n t r a t i o n s
Number . ^
1 300 yg F e ( I I )  s ta nd ar ds
2 200 yg F e ( I I )  s ta nd ar ds
3 165 yg Serum samples
4 100 yg F e ( I I )  s ta nd ar ds
5 - 64 yg Serum samples
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FIGURE 21
Measurement a t  583 nm
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FIGURE 22
CALIBRATION CURVE OF ABSORBANCE vs. CONCENTRATION OF IRON
Legend
, The u p p e r " h a l f  o f  the  d iagram s ho ws , t he  
c a l i b r a t i o n  cu r ves  o b t a i n e d  a t  583 and 
340 n m , r e s p e c t i v e l y .
The 1 % e r  h a l f  o f  the  f i g u r e  shows the 
r e c o r d e r  t r a c i n g  o f  the  s t a n d a r d s  ( i r o n )  
i n  % t r a n s m i t t a n c e  a t  340 nm.
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C. RESULTS AND DISCUSSION
^The s y n t h e s i s  o f  2 , 6 - b 1 s - ( 4 - p h e n y l - 2 - p y r i d y l  ) - ,  
p y r i d i n e  ( t e r o s i t e )  has been a ch ie ve d  v i a  a . C h i c h i b a b i n  
r e a c t i o n  by Case e_t aj_. (90)  w i t h  a y i e l d  o f  21%. A 
w h i t e  p r o d u c t  was o b t a i n e d  w i t h  the m e l t i n g  p o i n t  o f  257 - 
258° C. The mass s p e c t r o m e t r i c  data  i n d i c a t e d  the 
presence o f  i m p u r i t i e s  i n  the  c r y s t a l l i z e d  p r o d u c t . .  The 
compound was f o u n d - t o  be i n s o l u b l e  i n  w a t e r  and a l c o h o l .  
T e r o s i t e . w a s  e x t r e m e l y  r e a c t i v e  w i t h  f e r r o u s  i ons  (a 
. s e n s i t i v e  r e a g e n t )  and gave a b l u e - c o l o r e d  f e r r o u s  com­
p l e x  o f  2 , 6 - b i s - ( 4 - p h e n y l - 2 - p y r i d y l ) - p y r i d i n e  ( m o l e c u l a r  
e x t i n c t i o n  c o e f f i c i e n t  3 0 , 2 0 0 ) .
The d is a dv a n t ag e  i n  us i ng  f e r r o i n  and t e r r o i n e  as 
r e a g e n t s  i n  the d e t e r m i n a t i o n  o f  i r o n  i n  b e e r ,  w i n e ,  
u r i n e ,  serum,  a g r i c u l t u r a l ,  i n d u s t r i a l ,  and e n v i r o n m e n t a l  
samples ,  i s  t h e i r  i n s o l u b i l i t y  i n  aqueous media ( e . g . ■ 
i  , 10 - p h e n a n t h r o l i ne ( 1 0 5 ) ,  b a t h o p h e n a n t h r o l i ne (106 , 107) 
and p h e n y l - 2 - p y r i d y l  ke tox i me ( 8 2 ,  1 08) .  T h e r e f o r e ,  e x ­
t r a c t i o n  o f  the complex w i t h  o r g a n i c  s o l v e n t s  i s  r e q u i r e d  
b e f o r e  c o l o r i m e t r i c  d e t e r m i n a t i o n .  A means o f  o v e r ­
coming t h ^ / ^ 1  u b i l  i  t y  l i m i t a t i o n  i s  to  s u l f o ^ t e  the  
r e a g e n t .  T r i n d e r  (109)  was f i r s t  to  d e v i s e  a method to  
s u l f o n a t e  b a t h o p h e n a n t h r o l i ne w i t h  c h i o r o s u l f o n i c  a c i d .
The p r o d u c t  o b t a i n e d  was a w a t e r - s o l u b l e  s u l f o n a t e d  
d e r i v a t i v e .  Zak,  D ieh l  and o t h e r s  have s u l f o n a t e d  
b a t h o q u p r o i ne (99 ,  100,  1 1 0 ) ,  PDT ( 1 1 1 ) ,  and t e r o s i t e
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(100)  u s i n g  c h i o r o s u l ' f o n i c  a c i d  as the  s u l f o n a t i n g
■r ea g e n t  (See Scheme 18) .
T e r o s i t e  s u l f o n a t e  
d e r i v a t i v e s
SCHEME 18
T e r o s i t e  mono- and d i s u l f o n a t e s  were s y n t h e s i z e d  on 
n e u t r a l i z a t i o n  o f  excess o f  c h l o r o s u l f o n i c  a c i d  w i t h  
■ammonium h y d r o x i d e  and e ve n t u a l  s e p a r a t i o n  o f  ammonium 
s u l f a t e  f rom the  s u l f o n a t e d  ammonium s a l t s  o f  t e r o s i t e ,  
w i t h  e t h a n o l .  The f r e e  a c i d  o f  t he  s u l f o n a t e d  t e r o s i t e  
was genera ted  by i on -e xc ha ng e  column chromat ography  us ing  
A m b e r l i t e  I R- 120 .  The sodium s a l t  ( t a n  c o l o r  p r o d u c t ) ,  
was o b t a i n e d  on n e u t r a l i z a t i o n  o f  the  f r e e  a c i d  w i t h  NaHCO^ 
The ammonium s a l t s  were b l u i s h  i n  c o l o r  due to  c o n t a m i n a ­
t i o n  o f  the  r e a g e n t  grade ammonium h y d r o x i d e  (0.000010% Fe) 
p r e s e n t  i n  the r e a g e n t .  The i s o l a t i o n  scheme d i d  no t  
a d e q u a t e l y  s e p a r a t e  the  f r e e  a c i d  f rom the  b l u e - c o l o r e d  
meta l  d e r i v a t i v e s .  T h i n - l a y e r  ch r omat ogr aphy  ( o f  t he  b lue  
p r o d u c t )  on c e l l u l o s e  impregnated  p l a s t i c  p l a t e s ,  showed 
two d i s t i n c t  spo ts  r e p r e s e n t i n g  t he  mono- and d i s u l f o n a t e d  
t e r o s i t e .  The spo ts  showed f l u o r e s c e n c e  ( b l u e )  under  
u l t r a v i o l e t  l i g h t .
The i n f r a r e d  spect rum showed the  t y p i c a l  bands due 
t o  ' a romat i c  s u b s t i t u t i o n  a t  t he  para p o s i t i o n  by s u l f o n i c  
a c i d  between 8 .4 0  p and 9.65 y .  The s t r u c t u r e  o f
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' ■ - " > - ' ■  ' '  ' , '
t hey t e r o s i t e  s u l f o n a t e  was n o t  de t e rm i ne d  p r e c i s e l y .  /" "
 ^ I t  I s  r e a s o n a b l e  t o  assume t h a t  t h e ^ u l f o n i c  a c i d  has
e n t e r e d  t h& '  phei i y l  / ^ i ng  a t  t he  para p o s i t i o n .  F u r t h e r -
- . ' .
more,  t he  two o u t s i d e  phenyl  r i n g s  ar% most l i k e l y  
s u l f o n a t e d ,  s i n c e  f u r t h e r  a d d i t i o n  m i g h t  i n v o l v e  s t e r i c  
- h i n d e r a n c e .  ^
\  The mass des’o r p t i o n  s p e c t r o m e t r i c .  data,  i n d i c a t e d
t h a t  t he  b l ue  s u l f o n a t ë d  p r o d u c t  c o n t a i n e d  mono- and
_  ■ < ' 
d i s u l f o n a t e d  p r o d u c t s  i n  a r a t i o  o f  1 0 : 7 .  I f  t he  t e r ­
o s i t e  was s u l f o n a t e d  f o r  a l o n g e r ’ t i me  and a t  a h i g h e r  
- . - ' >  ■
■ react iq ' -^  t e m p e r a t u r e ,  a b e t t e r  y i e l d  o f  d i s u l f o n a t e d
m a t e r i a l  c o y j d  b e \ a t t a i n e d .  ^
/ - :
The p r o b l e m / o f  the s o l u b i l i t y  o"f t e r o s i t e  i n
-  ' \  «P
aq i l ^bus 'med ia ,  was "overcome by s u l f o n a t i o n .  The s u l f o n ­
a ted p r o d u c t  wgs found to  be e x t r e m e l y  s o l u b l e  i r ^ a t e r ,  
a l c o h o l ,  d i m e t h y l f o r m a m i de" and d i m e t h y l  s u l f o x i d e ,  and 
i t  was i n s o l u b l e  i n  c h l o r d t o r m ,  carbon t e t r a c h l o r i d e ,  
a c e t o n e ,  d i o x a n e , p e t r o T e u m  e t h e r ,  t o l u e n e ,  c y c l o h e x a n e ,  
methy l  a c e t a t e ,  d i c h l o r o e t h a n e \  and n - b u t a n o l  .
V ■
•• T e r o s i t e  s u l f o n a t e ' r e a c t e d  i n s t a n t a n e o u s l y  wi j h ( ^ ^  
f e r r o u s  i ons  t o  produce a b H u e - c o l o r e a  Fe( I I % f e f o s i t e  '
X which was found  to  be e x t r b ^ e l y
A t t e mp t s  to  e x t r a c t  the  complex f rom 
um w i t h  o r g a n i c  s o l v e n t s ,  such as n i t r o -  
. onm, carbon t e t r a c h l o r i J S , i s o a m y l - 
a l c o h o l ^  benzene and a c o m b i n a t i o n  o f  n i t r o b e n z e n e -  
isoam'yi  a l cohol  .was n o t  s u c c e s s f u l ;  t h e r e f o r e ,  the
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4 c h a r a c t e r l z a t T o r T i o f  the  complex was n ç t  u n de r t a k e n .  
T e r o s i t e  does n o t  fo rm a C u ( I )  complex w h i ch  absorbs 
i n  t he  v i s u a l  range o f  the  a pec t rum,  WHTforms C o ( I I )  . 
c o l o r e d  complex w i t h  low m o l e c u T i r r ' e x t i n c t i o n  c o e f f i ­
c i e n t  (2710 -  3 1 2 0 ) . '
The s t u d i e s  o f  Zak e ^  aj^. (99)  have shown t h a t  
none o f  the  ma jo r  c a t i o n s  p r e s e n t  i n  serum ( sod ium,  
p o t a s s i u m ;  c a l c i u m  and magnesium) i n t e r f e r e d  w i t h  the  
d e t e r m i n a t i o n  o f  i r o n  w i t h  t h i s  r e a g e n t .
In F i g u r e  23 are shoWn ,the a b s o r p t i o n  s p e c t r a  o f  
b a t h o c u p r o i  ne di .sul  f o n a t e - C u  ( I ) compTex^e^d t e r o s i t e  
*  sul  f o n a t e - F e ( 11 ) complex .  A s i m u l t a n e o u s * d e t e r m i n a t i o n  
o f ,  copper  and i r o n  i n  a s i n g l e  a l i q u o t  o f  sample i s  
i l l u s t r a t e d .  The s i m u l t a n e o u s  e q u a t i o n s  are n o t  r e ­
q u i r e d  i n  o a j J u l a t i o n s  o f  the  r e s u l t s .  The i n t e r f e r e n c e  
o f  c o b a l t  may be e l i m i n a t e d  add ing  e t h y l e n e d i a m i  ne to  
complex the  c o b a l t  ( I I )  c a t i o n ,  which o t h e r w i s e  w i l l  
c h e l a t e  w i t h  t e r o s i t e  s u l f o n a t e  t o  form a Co(-11 ) - t e r o -  
*> s i t e  s u l f o n a t e  c o l o r e d  complex ( a b s o r p t i o n  m a x i m ^ ^ 6 6 ,
528 nm). I t  has been shown t h a t  o t h e r  i on s  w h i c h ,  i f
^  ■ ■ ■p r e s e n t  t o  the  e x t e n t  o f^ lOO mg d i d  n o t  i n t e r f e r e  i n
i r o n  d e t e r m i n a t i o n s  us i ng  t e r o s i t e  ( M n ( I I ) ,  A l ( I I I ) ,
C r d l l ) ,  Mg, P 0 " ^  GgQ-Z, C l " ,  NO", Ac " ,  SO^^') y
(See Tab le  X I I I ) .
A
The a b s o r p t i o n  spect rum o f  t he  ammonium sal . t  o f  the  
s u l f o n a t e d  t e r o s i t e  i s  p r es en te d  i n  F i g u r e  16.  The 
^  r e a c t i o n  was c a r r i e d  o u t  i n  ammonium a c e t a t e  b u f f e r
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FIGURE 23
ABSORPTION SPECTRA.OF Fe( I I ) -BIS(TEROS. ITE SULFONATE^ 
AND Cu(I)-BATHOCUPROIN£ SULFONATE COMPLEXES
Legend
S p e c t r o p h o t o m e t r ' i ç / . d e t e r i n l n a t i o n  o f  two metal  
i ons  (Cu and Fe) i n  a s i n g l e  a l i q u o t  i s  
i l l u s t r a t e d  by use o f  s u c c es s i v e  a d d i t i o n  o f  
b a t h o c u p r o i ne d i s u l f o n a t e  and t e r o s i t e  s u l f o n a t e  
as c o m p l e x i n g ' • r e a g e n t s .
Since the  a b s o r p t i o n  maxima were q u i t e  d i s c r e t e ,  
' t he  smal l  s p e c t r a l  i n t e r f e r e n c e  can be s u b t r a c t e d  
f rom the  f i n a l  r e a d i n g s .  '
The need f o r  s i m u l t a n e o u s  e q u a t i o n s  i n  c a l c u ­
l a t i o n s  o f  the  f i n a l  r e s u l t s  i s  e l i m i n a t e d .
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( p H .4 .5  + 0 . 0 2 )  c o n t a i n i n g  t h i o g l y c o l ! i c  a c i d  as the
r e d uc i n g  a g e n t .  The a b s o r p t i o n  maxima were found to
be a t  583,  383 and 340 nm.. _
A s c o r b i c  a c i d  can be s u b s t i t u t e d  f o r  t h i o g l y c o l l i e  '
»
a c i d  and o t h e r  b u f f e r  systems can be used i n s t e a d  o f  
JCu . ammonium o r  sodium a c e t a t e  w i t h  a pH o f  4 . 5 .  The
a b s o r p t i o n  s p e c t r a  o b t a i n e d  w i t h  a s c o r b i c  a c i d  and po-  
t ass i um b i p h t h a l a t e  b u f f e r  (pH 2 . 0 )  showed a b s o r p t i o n  
maxima a t  583,  383 atid 340 (A = 0 . 4 0 5 ,  0.285 and 0 . 9 8 0 ,  
r e s p e c t i v e l y ) . , ^ '
The m o l a r - r a t i o  method which i s  v ery  s i m i l a r  to
» the method o f  c o n t i n u o u s  v a r i a t i o n s  was used t o  d e t e r m i n e
the  t e r o s i t e  s u l f o n a t e - F e ( 11) complex f o r m u l a .  The con-  ' 
c e n t r a t i o n  o f  i r o n  was he l d  c o n s t a n t  and the  c o n c e n t r a ­
t i o n  o f  the  t e r o s i t e  s u l f o n a t e  was v a r i e d .  The a b s o r ­
bance was measured a t  583 nm i n  an ammonium a c e t a t e  
b u f f e r  o f  pH 4 .5  + 0 . 0 2 ,  c o n t a i n i n g  t h i o g l y c o l 1 i c  a c i d  
as t he  r e d u c t a n t .  A p l o t  o f  absorbance vs .  the  mo la r  
c o n c e n t r a t i o n  o f  the  l i g a n d  was o b t a i n e d  (See F i g u r e  1 9 ) .  
The s t r a i g h t - l i n e  p o r t i o n s  were e x t r a p o l a t e d  t o  where 
t hey  c r o s s .  The r a t i o  "at t h i s  p o i n t  was found t o  be 2:1 
f o r  t e r o s i t e  s u l f o n a t e :  F e ( I I ) .  (The c o n c e n t r a t i o n  o f
Fe : 0.89 X 1 O~^mole/4mL t e r o s 1 t e  s u l f o n a t e  ammonium s a l t :
_ 2
0.418 X 10"  M).  T h e r e f o r e ,  the  i n t e r a c t i o n  o f  f e r r o u s  
ions w i t h  the  l i g a n d  t e r o s i t e  s u l f o n a t e  can be w r i t t e n  
as shown i n  Scheme 19.
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F e ( I I )  + 2Ts P" 4 .5  > P e f T s i g
SCHEME 19
•Each m o l ec u le  o f  the  l i g a n d  u n i t e s  w i t h  one f e r r o u s  
atom to  form a f i ve -membered  r i n g  w i t h  t he  whole mo l ec u l e  
be ing  a r ranged so t h a t  each n i t r o g e n  atom occ up i es  one 
apex o f  a r e g u l a r  o c tahedr on  s u r r o u n d i n g  t he  i r o n  atom. 
F i g u r e  24 r e p r e s e n t s  t he  proposed s t r u c t u r e ,  o f  t he  complex 
o f  f e r r o z i n e  and t e r o s i t e  s u l f o n a t e  w i t h  f e r r o u s  i o n .
A l so  shown i n  F i g u r e  24 i s  the  s t r u c t u r e  o f  the  complex 
o f  1 , 1 0 - p h e n a n t h r o l i n e  w i t h  i r o n .
The n e u t r a l i z a t i o n  t i t r a t i o n  cu r ves  (112)  o f  b a t h o ­
p hen a n t h r o l  i ne  d i s u l f o n i c  a c i d  gave pK^:  2 .83  and pKg: 
5 . 2 0 .  B a th o c u p r o i n e  d i s u l f o n i c  a c i d  on the  o t h e r  hand 
gave pK^:  2.65 and pK^:  5 . 8 0 .  The second a c i d  d i s s o c ­
i a t i o n  c o n s t a n t  o f  b a t h o c u p r o i n e  d i s u l f o n i c  a c i d  was 
s m a l l e r  than t h a t  o f  b a t h o p h e n a n t h r o l i n e  d i s u l f o n i c  a c i d ,  
p resumably  due t o  t he  b a s i c  c h a r a c t e r  o f  t he  l a t t e r  i m ­
p a r t e d  by t he  p resence o f  2-  and 9 - me t h y l  g r o up s .  The ' 
n e u t r a l i z a t i o n  t i t r a t i o n  cu rve  o f  t h e  ammonium s a l t  o f  
t e r o s i t e  s u l f p n a t e  w i t h  sodium h y d r o x i d e  gave the  second 
d i s s o c i a t i o n  c o n s t a n t  a t  a pH o f  6 . 4 5 .  The e n d - p o i n t  
was found to  .be a t  pH o f  7 . 5 8 .  The i n c r e a s e  i n  p <2  va lu e  
c o u l d  be due t o  t he  more a c i d i c  c h a r a c t e r  o f  the  t e r o s i t e  
s u l f o n a t e .
The e f f e c t  o f  pH on f o r m a t i o n  o f  t h e  f e r r o u s  complex 
o f  t e r o s i t e  s u l f o n a t e  was accompl i shed  by keeping the
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FIGURE 24
PROPOSED STRUCTURES Of FERROUS ION COMPLEXES 
WITH VARIOUS LIGANDS
, Legend
A. I I  l u s t r â t e s  the  t r i d e n t a t e  ( t h r e e - t o o t h e d )  
c h e l a t e  r i n g  formed when 2 , 3 , 6 - t r i p y r i d y l - 
s - t r i a z i n e  u n i t e s  w i t h  f e r r o u s  i o n  i n  the
• r a t i o  o f  two t o  one.
B. Th i s  p r e s e n t s  t he  proposed b i s - c o m p l e x  o f  
f e r r o u s  i on s  w i t h  ammonium s a l t  o f  t ^ e  
t e r o s i t e  s u l f o n a t e .
C. Shows the  t r i s - c o m p l e x  o f  1 , 1 0 - p h e n a n t h r o l i ne 
w i t h  f e r r o u s  i o n s .
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SOgNH^ SO3NH4
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amount of. i r o n  and the  l i g a n d  c o n s t a n t  i n  a b u f f e r  o f  
d i f f e r e n t  pH. B u f f e r s  o f  pH 8 . 0  and 4 .0  were p re par ed  
f rom b u f f e r  c o n c e n t r a t e s  o f  p o t as s i um phosphate  mono- 
bas1c-so<l iurn h y d r o x i d e .  The b u f f e r  o f  pH 9 .0  was c o m- ,  
posed o f  b o r i c  a c i d - s o d i u m  h y d r o x i d e .  Potass ium c h l o r i d e -  
sodidm h y d r o x i d e  was used to  make b u f f e r  o f  pH 1 0 .0 .  ;
The pH range over  which the  f e r r a u s ( I I ) 4 : e r , o s i t e  s u l f o n a t e  
complex was s t a b l e  was found t o  be between pH 2 .0  - 5 ,0  
(See F i g u r e  1 8 ) .  Below pH 2 . 0 ,  the  complex f o r m a t i o n  . 
was ve r y  s l ow .  Above pH 5 . 0 ,  t he  complex f o r m a t i o n  was 
decreased s l i g h t l y .  The pH s t a b i l i t y  s t u d i e s  o f  Zak 
ejt aj [ .  (99)  have shown t h a t  t h e  c rude  p r o d u c t  o b t a i n e d  
on s u l f o n a t i o n  had the s t a b i l i t y  between the  range o f  
pH 3 -  10.
The automated a n a l y t i c a l  system ( F i g u r e s  20 -  22) 
was s t a b l e ,  t r o u b l e - f r e e ,  and y i e l d e d  p r e c i s e  r e s u l t s .
A s i n g l e  d i a l y s i s  o f  t he  serum specimen was adequate  
f o r  the  r o u t i n e  a n a l y s i s .
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D. CONCLUSIONS, '
For  c l i n i c a l  a n a l y t i & a l  p u r p o s e s ,  a f a i r l y  low 
c o s t ,  y e t  h i g h l y  s e n s i t i v e  t e r o s i t e  s u l f o n a t e  r e a ge n t  
f o r  i r o n  d e t e r m i n a t i o n ,  was s y n t h e s i z e d .  The c o s t  was 
c a l c u l a t e d  to  be 0 . 3 5 f  per  a n a l y s i s ,  w h i c h , i s  comparable 
t o  o t h e r  r e a g e n t s  used f o r  serum i r o n  d e t e r m i n a t i o n .
The f e r r o u s - b i s  ( t e r o s i t e  s u l f o n a t e )  complex was 
found to  be ve r y  s t a b l e  and d i d  no t  d e c o l o r i z e  on 
s t o r a g e .  The opt imum pH range"  f o r  the  f o r m a t i o n  o f  the 
complex was found t o  be between pH range o f  2 - 5 . 0 .
The a b s o r p t i o n  spec t rum o f  t he  s u l f o n a t e d  p r o d u c t  had 
the same a b s o r p t i o n  c h a r a c t e r i s t i c s  as t h a t  o f  the un-  
s u l f o n a t e d  t e r o s i t e ,  and t he  Bee r - La mb er t  law was found 
to  be l i n e a r  a t  submicrogram l e v e l s .  The absorbance a t  
the^ a b s o r p t i o n  maxijna o f  340 nm, was found to  be much 
h i g h e r  t han a t  583 nm and,  t h e r e f o r e ,  c o u l d  be used to  
improve the  s e n s i t i v i t y  o f  the  p r o c e d u r e .
The f e r r o u s - b i s  ( t e r o s i t e  s u l f o n a t e )  complex was 
v e r y  s o l u b l e  i n  aqueous medium and c o u l d  no t  be e x t r a c t e d  
w i t h  o r g a n i c  s o l v e n t s .  The p o t e n t i o m e t r i c  t i t r a t i o n  
showed t h a t  the  second d i s s o c i a t i o n  c o n s t a n t  was found 
t o  be a t  pH 6 . 4 5 .
F i n a l l y ,  the  manual  a n a l y t i c a l  p r ocedur e  f o r  the  
d e t e r m i n a t i o n  o f  i r o n  was automated u s i ng  the  T e c h n i t o n  ^  
b a s i c  A u t o A n a l y z e r  ^  system.
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